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PREFACE 
The bleacher's duty is to remove the color and other 
non-cellulose materials from the cotton fiber. This separation 
of the cellulose is to be accomplished in the most efficient 
and least expensive manner. Bleaching cotton is a cheap method 
of purifying, cellulose. 
The first bleaching processes were crude and ineffic-
ient. After several centuries of experience and efforts to 
improve the art, it was realized that something more than 
experience was needed. It was then that work and study were 
begun in a scientific manner. All the operations performed 
in the bleaching process are organic or inorganic chemical 
reactions. The results so far accomplished through science 
and research make reasonable the expectancy of greater develop-
ments in the future. 
In spite of the enormous amount of research performed 
investigating the products of cellulose degradation, a great 
deal remains to be discovered. Ox-rcellulose and hydrocellulose 
are the most common products of cellulose degradation, yet, 
a simple method of determining quantitatively their presence 
in overbleaehed materials has not been found. Cellulose re-
search is being continued on a large scale and some day, no 
doubt, it will be possible to refer to this substance with a 
definite knowledge of its chemistry. 
iv. 
V. 
Nevertheless, ne knowledge that is available 
today on the hypochlorite bleach is ample for the pe rforn_ 
ance of the present study. It is necessary to note here 
that the present work represents only one approach to the 
subject. Bleaching is not a trial and error industry and 
there is a scientific reason for eve= operation performed. 
By scientific control of the processes and materials used, 
better products and reduced cost are obtained. Bleac'linr, 
which started as an art man -r centuries ar,o, has become a 
science and as such it has its laws and principles. 
PURPOSE 
This work is an attempt to determine ideal bleach- 
condftions as affected by concentration of hypochloride 
bleaching; solution, time and temperature of treatment. 
The process which will result in the best degree 
of whiteness with the least amount of cellulose degradation 
is considered ideal. Such conditions are first to be found 
and the cost of their application in industry would determine 
whether or not they are practical. The present work does not 
intend to consider cost, but this must be given due consider-
ation in future studies if the ideal conditions of bleaching 




After completinc the present study, the con-
clusions reached are here summarized. 
It has not been found possible to bleach cotton 
fabric by the sodium hypochiorite method without a certain 
amount of loss in tensile strenth. 
The whiteness of the bleached fabric although 
very satisfactory for commercial bleaches, is not one hundred 
percent pure. 
The best bleachin(T conditions found are not ideal. 
H owever, they produce satisfactory results from the stand-
point of whiteness and loss in tensile strelc,th, 
vii' . 
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SECTION . I 
GENERAL DISCUSSION 
I. HISTORY OF BT•RACHING 
:then did man first conceive the idea of producing 
w:iite fabrics? This is a question that has puzzled historians 
for many years. The truth is that in the early times there 
was not a clear difference between bleaching and laundering. 
To us, bleaching means the production of white fabrics or 
arments before they are used. On the other hand, laundering 
is the cleansing of such fabrics or garments after they have 
been used or worn. 
For the sake of clarity, we will only attempt to 
ive a general picture of the procedures used. In all cases 
we will refer to those processes which will come closer to our 
modern conception of bleachintr„ It is proper to state here 
tnat bleaching, in the early days of its use, consisted mainly 
in the removal of impurities in fabrics without attempting to 
destroy the natural coloring matter in the fabric. It was more 
a scouring process than bleaching. 
From early Egyptian printings, it is known that 
fabrics were boiled, but there is no indication as to what 
chemicals were used. To our understanding it is very probable 
that the only substance used was water. In Egypt cotton and 
linen fabrics were used, but in all cases they were gray goods. 
As a matter of fact, the linens used in the preparation of the 
mummies were gray fabrics. 
Jeremiah and Malachi mention in the Bible the alka- 
1 
line plant boreeth• This could be an , ;indication of man's 
first attempt to use chemicals in the cleansing of fabri cs . 
Even today some Nomad tribes in Arabia use various kinds of 
herbs for cleansing cloth. 
In Pompeii washing was carried out in special estab-
lishments named fullonica. The fullonica was a white marble 
building equipped with fountains and cisterns for waslling. 
Through pictures preserved from those days, the process 
carried out in these establishments is clearly explained. It 
seems that the people of Pompeii discovered the bleaching 
action of sulphur when burned by producing sulphurous acid. 
The discovery of soap is ascribed to the Gauls. It 
seems that at first this substance was used among the ancients 
as a pomade for cleansing the hair. However, later it was used 
for cleansing fabrics. In Pompeii the remains of a soap factory 
have been found. Pliny states that the soap was made from 
tallow and the roots of certain poppies, sometimes from radicula, 
;,:lich is supposed to be identical with our saponaria. But 
before the discovery of soap, other substances such as potash, 
nitre, and various earths were employed. 
The different substances mentioned were used along 
with water to give a scouring action to the cloth. The first 
treatment of the cloth was a boil in a liquor having an alka-
line reaction. Pliny gives a description of the method 
1 
Higgins, S. H: "History of Bleaching", p.4, Longmans, Green, 
& Co., London, 1924. 
J . 
emplo7ed b?the Gauls for the cleansing. and. whitening of 
their textil 
stance 15lown e fabrics. They made use of an alkaline sub- 
as lixivium, which was extracted from the ashes 
wood or other vegetablo matter, and also appa -ent1,7 
of burnt 
employed nis alk
aline combination with oils in the form of 
soaps. They are also credited with a process of burning lime 
to :ive a useful scouring agent. 
The primitive methods of bleaching, confined more 
especially to linen since cotton was considered white enough 
for all pract'cal purposes, required the exposure of the 
cloth on large grassy meadows for a considerable period of 
time. This necessitated not only the expenditure of a vast 
amount of labor and time but also the expense of land rent, 
since the care of bleaching fields was considerable. In the 
early part of the eighteenth century extensive fields were 
established in Ireland for the bleaching of linen. In the 
Irish method, the alkaline liquors obtained from the ashes of 
sea-weeds - kelp - were used for steeping and boiling the cloth. 
The steeping process usually occupied several days, after hi chi 
the linen was thoroughly washed and spread out on the crass 
9 
for a Period of several weeks. 
The steeping or boiling in the alkaline liquor was 
known as bucking or bolP:ing and the exposure on the grass was 
called crofting. In order to obtain a satisfactory bleach, 
these two processes were alternately repeated, often five to 
0 
,_atuhews J. 	"Bleaching And Related Processes", p. 9, 
The Chemical Catalog Company, Inc., New York, 1921. 
• 
After exposure on the grass, the linen w as 
six times. 
steeped for several days in sour milk, then washed clean a.-ii 
 
again spread on the grass. 
Before bleaching was taken up as a national Indus- . 
try in Ireland, it was practiced principally in Holland, and, 
up to the middle of the eighteenth century, it could almost 
be said that the Dutch held a monopoly of the bleaching trade 
for the rest of Europe. This transfer of the cloth from any 
country to Holland and back again, together with the time re-
quired for bleaching, occupied a period of about six months. 
The method of bleaching in Holland consisted in a 
general way as follows. The goods were first steeped in a 
weak lye and then in a hot potash lye for about a week. After 
this, it was given a thorough washing and then steeped in 
buttermilk for several days. An exposure in a moistened con-
dition on the grass for several months of summer followed and 
completed the bleaching operation. 
The action of sour milk in bleaching was evidently 
due to its acid constituents, which rendered the impurities 
;_n the fabric more soluble. This beneficial action of acids 
was realized by Dr. Home of Edinburgh, who showed that by 
substituting a dilute solution of sulfuric acid for the sour 
milk, better results could be obtained and at less expense. 
he treatment with dilute sulfuric acid for twenty-four hours 
ave as -ood results as steeping in sour milk for a week or 
more, :Even with this improvement, however, the proper bleach-
ing of linen goods required a period of four to six months. 
5 . 
With the invention of the power loom, the output 
was increased to such a point that the methods 
of materials 
of bleaching were not satisfactory any longer. It meant, 
for the nanufactureps, the use of larger capital, and the 
turn-over was very slow. It was necessary to develop new 
methods of obtainin: a satisfactory bleach in shorter periods 
of time in order to cope with the increased output of goods. 
Chlorine gas was discovered in 1774 by the Sweedish 
chemist Scheele. The name of the gas was at first dip'llo-
sisticated marine acid gas. This name was given in conse- 
quence of the idea that the gas was the result of withdraw- 
3 
ins phlogiston from muriatic acid. The bleaching properties 
of this gas were not studied with reference to their commer-
cial application Until 1785. It is significant to notice that 
these studies coincided with the manufacture of soda on an 
industrial scale. Berthollet was the first chemist to point 
out the commercial possibilities of chlorine as a bleaching 
agent for vegetable fiber materials. An aqueous solution of 
the chlorine gas was used, and the goods were passed through 
the hot solution. It was a number of years before the proper 
method of using the new bleaching agent was learned, and it 
did not come into general practice or favor until an alkaline 
solution of he gas was employed. Berthollet used the alkali 
potash as an absorbent and thus produced Eau De Javelle. :von 
today n_is name is applied to a solution of potassium --typo- 
3 
" Chlorine In Bleaching", 7extile Colorist, Vol. LIT (1930), P. 944. 
6. 
chlor4te it can very well be said that Berthollet created 
. 
the first hypochlorites, although he did not live long enouHa 
to investigate the chemistry of such product to a great ex- 
tent.  
In 1789 Tennant, of Glasgow, patented a process for 
producing a very efficient liquor by saturating lime water 
with chlorine gas. This process revolutionized the methods 
of bleaching and cut down the time required from several 
months to a couple of days, or even less. Tennant, a few 
years later, was successful in manufacturing a dry chloride 
of lime or bleaching powder, obtained by saturating quick-
lime with chlorine gas. This preparation quickly came into 
favor as the principal bleaching agent for linen and cotton 
goods. 
The succession of developments in the use of chlorine 
was apparently as follows: Chlorine gas, chlorine water, chlo- 
4 
rine absorbed in alkali and chloride of lime. At this stage, 
bleaching became more of a scientific process. With the use 
of chemicals in all phases of processing, it became imperative 
for the bleach works to hire the services of chemists. It can 
be said also that the bleaching industry was the first textile 
group to recognize the need of scientific knowledge in the 
practical processing. However, before such facts were acknow-
ledged, there was a great deal of prejudice and unbased dis-
trust in the use of acids, lime and chlorine in the bleach 
house. 
AlstoryRepeats Itself in the Bleaching Industry", Textile 201orist, LIII (1931), p. 123. 
7. 
The next steps in the direction of improvinr* the 
methods of 
bleaching, both with respect to the qualities 
of the -oods and the time consumed in the process, was the 
introduc
tion of suitable machinery to supplant manual labor. 
This leads to a --2eater simplification of the processes 
employed and a more economical use of the various chemicals 
needed. The so-called American Process came into vogue about 
1337 and, with minor improvements, is still the method in 
7eneral practice. In brief outline, this process consisted 
of singeing, washing, boiling under pressure with lime, sour-
ing with weak acid, boiling under pressure with alkali and resin 
soap, steepingin a solution of bleaching powder, souring again 
with weak acid, and finally washing, tinting, and drying. 
From 1337 until today there has not been any change 
n the fundamentals of chlorine bleaching. The only changes 
that have come into the process are changes in the design of 
the equipment used, improvements in the chemicals used, and 
reduction in their cost. More stable hyrochlorite compounds 
'lave been produced and credit must be given to the Mathison 
gorks for the production of I.T.H. This is a trade-
Ark for a very stable hypochlorite that is guaranteed to give 
at least 	available chlorine. This new product came into 
5 
-ae market in 1930. Some years later, this same company put 
out a new product - Textone. Textone is a sodium chlorite 
••••■••■••■ 
5 
Savell, W. L. and Ivey, J. Vi., "Uses and Misuses of Chlorine' 
in Textile Bleaching"
, 
American D- estuff Re orter, XX (1931) , PP. 07-100. 
which has very high oxidizing properties and is an efficient 
bleaching 
a,ent. This product is used in conjunction with 
6 
H .T.H. 
In the same line of development 	new bleaching 
agents with a chlorine base, organic compounds of chlorine 
have been produced, i.e., by treating insoluble dichlo-o-
amides of aromatic sulphontc acids with alkalis o alkaline 
7 
salts. 
In one way or another, the industry's aim has 
always been to shorten the time required for bleaching. To 
use more efficient and cheaper methods and products is another 
of the main objectives of the bleaching industry. As a whole, 
it can be stated that there is an intensive program of research 
being conducted along these lines in the field of cotton bleach- 
ing. 
6 
Vicent, Y. P.,Durbean, A. L. and Syuan, J. F., "Bleaching 
Cotton Goods with Hypocblorite", American Dyestuff Reoorter, 
XXX (1941), pp. 35860. 
7 
Chem. Fab. von Heyden A.-G., "Powder Yielding - Active Chlorine" Journal of the 	v  Societ of Dyers and Colorists, XL1TII1(1932), p.
, 
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IT. THE CONSTITUENTS OF THE COTTON FIBER 
The cotton plant belongs to the natural order 
I:alvaceae, the mallow family. Botanical r, it is known by 
the generic name Gossypium, derived from Gossypion, this 
being the name by which, according to Pliny, cotton was 
known in the island of Titles. 
The cotton fiber used for textile purposes is the 
fruit of the plant. The hairs are a protective cover to the 
seeds and in most cases are firmly fixed to them. The fibers 
of the cotton plant are of two types. These two types are 
the long fibers or hairs, which are used in the manufacture 
of yarns and fabrics, and the short fibers or fuzz, which are 
used as a source of cellulose in the manufacture of rayons and 
_ligh grade papers. In some varieties of Gossypium one of these 
two kinds of fibers predominates. In the case of Egyptian 
cotton, the long hair fibers are the one type found. On the 
other hand, in the case of Upland cotton, about ten percent of 
ca 
the lint is short fibers. On the average, the cotton fiber will 
range In len'th from one-sixteenth of an Inch on up to two inches. 
The diameter of the fibers is inversely proportional to the length 
'Johnson, W. H., "Cotton and Its Production", p. 18, T.acNillan 
and Co., Limited, London, 1926. 
9 T Q.S. Department of Agriculture, "The Cotton Plant", p. 93, 
Government Printing Office, Washington, 1896. 
10. 
ranging from 
0.0004 to 0.00104 inches. 
Bach independent fiber is produced by the outgrowth 
of a single epidermal cell from one of the cotton seed in the 
Untfl the cell bulges out on the outer side, 
forming fruit ' 
t appears the same as all other epidermal cers. Certain of 
 
;he epidermal cells produce outgrowths that continue lengtheninr 
eetil the long lint hair, or fiber, is made; other cells produce 
outgrowths at first but which stop growing before 
10 
 attaining much 
length. These short epidermal hairs are the fuzz. 
A perfect and typical cotton fiber would, when fullY 
iatured, consist of four parts. They are: 
1. An outer cuticle or integument which is perfectly 
continuous and which forms the skin or sheath of the fiber. 
2. An inner tube or layer of more or less 
homogeneity attached to the inner surface of the o-ter layer, 
formed by successive deposits of cellulose and coagulated 
erotoplasn and other cell-contents and which forms the sub-
3tance of the fiber. 
3. An inner layer attached to the interior of the 
secondary deposit and which seems to be of a firmer consistency 
crld frequently exhibits indications of spiral structure when 
treated with reagents. 
4. A pith-like deposit, containing any endochrome 
which may be present in the fiber, and more or less filling 
up the central cavity or lumen or simply existing in detached 
10 
Brown, H:B., "Cotton", p. 123, McGraw-Hill Book Company, Inc., 





Distributed in these four parts of the cotton fiber 
are its 
constituents. These substances are: faxes, proteins,  
ulose. s, 
mineral matters, pectic natters, coloring matters, and e 
These constituents either form part of the fiber 
structure itself or represent impurities in the fiber which 
would not be found in all varieties of cotton. 
1. Waxes. Fats and oils are frequently stored as 
-eserve foodstuffs in plants and waxes pass beyond the walls, 
4
'orninr a layer on the outer surface. The format ion of fat 
is due to the decomposition of the protoplasm, oil drops being 
formed. Generally speaking, in the cotton fiber natural waxes 
and fats amount to 0.61 percent on the average. This waxy 
covering of the fiber is desirable in the manufacture of yarns, 
and, therefore, no attempt is made to remove it until the tine 
of bleaching or finishing. The waxes render the fiber more 
plyable and improve its spinning properties. 
On extracting cotton with benzene, then treating 
with acid, washing, drying and again extracting with benzene, 
the cotton yields more fat to the benzene. This crude wax, 
__aving the appearance and consistency of bees-wax, on treat-
ment with petroleura spirit resolved into two constituents - 
Jotton Wax A to the amount of seventy percent soluble in the 
above spirit and Cotton Wax B insoluble in petroleum. Cotton 
”ax A has a pale color, melts at 66 to 67 degrees centigrade 
11 
Bowman, F. ., 'The Structure of the Cotton Fiber", p. 101-102, 1:c1dillan and Co., Limited, London, 1908. 
7 9 
and consists for the most part of a true wax, containing, 
besides some 
free fatty acids, small amounts of El:Teel-ides 
P hydrocarbons. Cotton Wax B is a dark 	ranu- green, 
and some 
lated but plastic substance, melting at OS
12 
 degrees centigrade 
and containing very little free fatty acid. 
All the waxy and fatty matters are present on the 
outer cuticle covering the fiber. These products render the 
fiber quite water repellent, although they contribute c;reatlY 
to the spinning qualities of cotton. 
2. Proteins. Proteins are closely incorporated 
with the protoplasm of plants, and the original construction 
of the protein matter, like that of carbohydrates, seems to 
be carried out only by the vegetable protoplasm. Sulfur and 
nitrigen are constituents of all proteins, and proteins are 
found in all protoplasms. In the cotton fiber, the proteins 
are present along with the secondary laYer, and seen to be 
produced at the time of the formation of the cuticle. These 
substances amount to about one and one-half percent of the 
total weight of cotton. 
Some proteins are soluble in water, some are in-
soluble. Others are soluble in aqueous solutions of neutral 
-
its. Nearly all are insoluble in alcohol or ether but a 
iew are soluble in a mixture of alcohol and water. They all 
dissolve in strong mineral acids and caustic alkalis but are 
Higains S. H. "Bleachin" p. 11, Lon mans





somewhat changed in the process. 
3. Fineral :afters. The mineral matter usually 
consists of phosphates and chloriaes of potash, soda and 
Lagnesia, small quantities of lime, and the sulphates. These  
bod4es are in co ibination with various organic constituents 
Df the fiber. The nature and amount or the mineral natter 
found in cotton varies with the composition of the soil in 
ahich it is grown. In a general way it can be said that as 
an average, the mineral contents of cotton is 1.65 percent. 
The mineral constituents were quantitatvely 
examined by Dr. Ure, and he found that in a sample of Sea 
Island cotton they amounted to very nearly one percent of the 
14 
:ieight and yielded on analysis the following results: 
Carbonate of potassium 	44.80% Soluble in water 
Chloride of potassium 	 9.90 Soluble in water 
Sulphate of potassium 	 9.30 Soluble in water 
Phosphate of lime 	 9.00 Soluble in water 
Carbonate of lime 	 1 0.60 Insoluble in water 
Phosphate of magnesia 	 8.40 Insoluble in water 
Peroxide of iron 	  3.00 Insoluble in water 
Traces of alumina and loss 	 5.00 Insoluble in water 
100.00% 
4. Pectic LTatters. Pectins occur in the intercellular 
16 
Higgins, S. H., "Bleachine D. 15-17, Lon7mans, Green ?z, Co., London, 1921. 
14 
Bowman, F. H., "mhe Structure of the Cotton Fiber", p. 249, 
ICacLillan and Co 	Limited, London , 1908. 
14. 
spaces between the cells of fibers. They are complex bodies, 
a mi r xtue of several chemical simple compounds. Pectose being 
exists along with cellulose in the substance of most cell walls. 
Pectic bodies are found to be prominent in the layers of the 
cell wall, remote from the protoplasm, and cellulose in those 
nearest to the interior of fle cell. Pectic bodies are regarded 
by, some chemists as compounds of carbohydrates of varied consti-
tution with acid c'roups. Then cellulose is sometimes converted 
"nto lignine in the plant, this body being probably a mixture 
of substances formed successively from cellulose. Kangin has 
shown that pectic matters consist of two classes of substances. 
First, neutral bodies resembling pectose, which is an insoluble 
:ompound closely resembling cellulose in its properties, and 
bodies of a gelatinous nature soluble in water, known as pectins. 
Second, feintly acid substances, the principal member of the 
15 
group being pectic acid, which occurs in nature as calcium pectate. 
On the average, the cotton fiber contains about 1.8 percent. 
5. Coloring 	tters. Coloring matter is present to a 
small extent in cotton and gives the fiber a slight yellowish 
brown tone. The percentage of this substance present is approxi-
mately 1.7 on the avera:e. The coloring natter of raw cotton 
consists of two organic pigments, the one soluble in alcohol and 
the other dissolved only by boiling alcohol. ?hose coloring 
natters are insoluble in water and only partially soluble in 




"Bleaching", p. 21-23, Longmans, Green 	Co., 
15. 
either destroyed or changed to a soluble colorless 
they are 
These pigments are not so easily attacked by re- 
compound. 
ducing 	 1 
agents in which case they would become insoluble colorless 
6 
compounds readily oxidized to their original color. Marchlewski 
obtained the coloring matter of cotton in crystals, whi , 1, he 
stated, had the composition C 13
H1407 , He named this substance 
ossycol. It dissolved readily in alkalis to an intensely 
-  
yellow-colored solution, and 
17 
 also in sulfuric acid to give a 
haracteristic crimson color. 
6. Cellulose. The cell wall is formed from the 
protoplasm or secreted by it, and it is usually known as 
cellulose. The thickening of the cell wall is a similar decom-
-, nsition of the protoplasm. The plant produces from the carbon 
L_Loxide of the air, firstly, sugar, and subsequently starch and 
'ellulose. It is the essential constituent of the vegetable 
cells. Cellulose belongs to the group of chemical compounds 
'mown as the carbohydrates. Some of the carbohydrates are 
preserved by the plant as a reserve food, and are subsequently 
used by It. Some are used to form a considerable thickening 
of the cell walls, thus affording a permanent strengthening of 
21e plant. Cellulose accounts for better than ninety percent 
the composition of the cotton fiber. This percentage will 
vary with the different varieties of cotton.
18 
 
6- x„atthews, J. 	"Bleaching and Related Processes", p. 204, 
The Chemical Catalog Company, Inc., New York, 1921. 17
Hig7ins, S. LT., "Bleaching", p. 23, Longnans, Green &: Co., London,, 1921. 
Higgins, S. H. "Bleaching", p. 24-28, 	 ,  Longmans Green 	Co. London, 19°1. 
10. 
The percentage composition of all kinds of cellu- 
i s  represented by te formula C
G H100 5 , but it is certain 
lose 
that some multiple of this must be taken to represent the 
The exact multiple is a matter of considerable 
Irlcertainty, and, hence, the formula is written generally as 
(C6 	Or ) •  10 n 
she constitution of cellulose is still unknown, 
although it has been the subject of much investigation. The 
InPortance of this problem is equalled by the difficult ,* of 
Its solution, and the composition of cellulose has become 
almost a special branch of organic chemistry. The molecular 
aeight cannot be determined, since no known solvent dissolves 
cellulose without changing its chemical properties and physical 
condition. Owing to its colloidal nature and consecuent com-
plexity, the products of its decomposition are not easy to sepa-
rate and determine quantitatively. This must be done before 
any attempt can be made to prepare a chemical compound by 
synthesis. 
The chief facts connected with the chemistry of 
19 
cellulose are: 
1. It contains hydroxyl groups. Four are possibly 
resent in each C C H100 5unit, since, when cellulose is heated 
with acetic anhydride and zinc chloride, a tetraacetate, 
H6 0 (c, OCCH3 ) 4 , is produced. This lead Cross and Bevan to 
19 
Trotman, S. R. and Thorp, . 	"The Principles of 
Bleaching and Finishing of Cotton"; p. 85-121, Charles 
Griffin & Company, Limited, London, 1927. 
17. 
propose, originall—, the formula C 6 1160(011) 4 . It may be noted, 
',Iowever, that Perkin and Green could not prepare a cellulose 
acetate 
containing;more than three acetyl groups. These 
groups must be alcoholic in nature, and since, when I,ydroxyl g 
oxidized, both carboxyl and ketone groups are introduced, 
both 
primary and secondary alcoholic groupings must be present, 
that is, the molecule contains both C1I 2OH and CHOH Groups. 
2. Cellulose itself does not reduce Fehlinr solution 
or form hydrazones when treated with phenyl-hydrazin. Nor 
does it exhibit any of the properties of an acid. Hence, 
neither carboxyl nor carbonyl groups can be present. 
3. 6-dhen cellulose is completely hydrolyzed by dilute 
acids, it gives dextrose, C 6H1 6 , the constitution of which 
Is known, while partial hydrolysis produces bodies havinr 
reducinr properties, i.e., containing carbonyl groups. 
4. Under the influence of acetic anhydride an 
octa-acetate of cellobiose, 0
121122011' 
laevolglucosan is obtained by destillation under reduced 
pressure. 
5. Since derivatives of benzene can be obtained 
from cellulose, it is assumed that it is built on the type of 
a closed ring as opposed to an open chain. Further, the group 
C0-CH2 must be present, because, when cellulose is fused with 
analis hydrogen, and carbonic, acetic and oxalic acids are 
formed. 
Gross and Bevan, the chief authorities on this 
subject, 
group the simple celluloses into: 
is produced, while 
18. 
(1)
Those with the maximum resistance to 
hydrolysis and 
containing no active ketone groups. When 
drolvzed by -1 	
dilute acids, they yield dextrose. This group 
.1  
includes the cellulose of common textile fiber, such as cotton, 
flax, ramie, and hemp. 
(2) Those with resistance to hydrolysis and con-, 
taining 
active ketone groups, being, in fact, oxycelluloses. 
(3) Those of low resistance to hydrolysis, i.e., 
airly readily decomposed by acids or alkalis, with the _  
.or nation of carbohydrates of low molecular weight. They are 
termed also hemi or pseud celluloses. 
Tn adaition to these, there are also some complex 
slluloses termed compound celluloses. These include 
lirnocelluloses, pectocelluloses and nucocelluloses, and 
20 
znItocelluloses and adipocelluloses. 
Pure cellulose is a white, odorless, tasteless 
substance which retains the organized structure of the material 
from which it was prepared. Its specific gravity is 1.5. Tt 
burns freely in air with a luminous, smokeless flame. It is 
hygroscopic, absorbing; up to eighteen percent of moistu re when 
exposed to a damp atmosphere, above eighty percent relative 
humidity. When heated to a temperature of 150 degrees centi-
grade, it becomes brolm in color. If the heating is continued 
at this temperature or the temperature raised, the cellulose 
decomposes and acid vapors are given off. Prolonged exposure 
20 
Trotman, S. R., "The Bleaching, Dyeing, and Chemical 
Technology of Textile Fibers", p; 1 19-129, Charles Griffin 
Company, Limited, London, 1925. 
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to air or 
heat for a shorter period at a temperature below 
150 decrees 
centigrade converts it gradually into a body 
termed 
oxycellulose. Cellulose is insoluble in either cold 
.r boilin- water, and also in organic solvents. It dissolves 
'n cold 
concentrated sulfuric and hydrochloric acids, being , 
 subsequently hydrolysed to dextrose. It is soluble also in 
Schweitzer solution, concentrated zinc chloride, or calcium 
thioc.yanate solutions. It absorbs acids and alkalis to a 
limited extent, and also certain salts such as copper sulfate. 
Tt is not attacked readily by alkalis in the absence of air , 
though if oxygen is present, oxycellulose is produced. 
lose possibly combines with water, giving hydrated cellulose, 
(C 6H100 5 ) 2 .1120, which is present in mercerised cotton. Cellu-
lose is fairly stable, but, under suitable conditions, is 
attacked by certain enzymes and bacteria. 
As stated before, the constitutional formula of 
cellulose is as yet unknown. However, from the compilation 
Jf the experimental observations existing and a few isolated 
facts, some theories have been brought forward and some 
structural formulas suggested. In this field Cross and 
:even, To liens, Hibbert, Cleve and Euler, Irvine and Hirst, 
Perkin and Green,
21 
 Hess, and many others have contributed 
with their work. 
21_ 
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401,1-0ELLULC CONSTITUENTS OF THE COTTON FIBER 
• 	 LLIMINAMD BY BLEACHING 
The most important operation of cotton bleaching 
.1s not, curiously enough, the actual destruction of the 
olorinr matter but the cleansing operations which are pre-
liminary to chemickinr. Bleaching itself starts with the 
singeing of the goods upon their arrival to the bleach 
house. The mere treatment of a fabric with hypochlorite, or 
any other bleaching agent, will not produce a good permanent 
white. This is due to the natural impurities of the cotton 
*_'fiber and the impurities added to it in the manufacture of 
he textile materials. As stated in previous discussions, 
the bleaching process is the separation of all impurities 
rom the cellulose. Therefore, the bleaching operation aims 
o remove as much as possible, if not all, of the natural and 
.TrIcied impurities. 
The natural impurities removed are: :h3.xes and 
fatty matters, proteins, mineral matters, pectic matters, 
coloring matters, and motes. The added impurities are: Sizes 
applied previous to weaving, oils applied in spinning, and 
dirt and stains that may have been accumulated in handling the 
roods. 
The waxes and fatty matters are removed in the 
scouring of the goods. This process consists in boiling the 
material over a period of several hours in an alkaline bath 
With the aid of some penetrants and assistants. The general 
reaction of 
f these chemicals with the waxes and fats, i s 
 saponificatIon. After the impurities are saponified, they 
soluble and are definitely removed by further washing. 
become 
of waxes and fats has to be as complete as 
1-ic removal 
.)ossibic. These substances make the cotton fiber water re- 
pellent to a great extent. However, the fact that the fibers 
will take up water more or less readily does not necessaril y; 
mean that all the waxes and fatty matters have been removed. 
these substances are of various kinds and are removed by 
varying degrees of treatment. If all of such impurities 
are not removed previous to the hypochlorite treatment, the 
bleaches obtained, satisfactory as they may be at first, may 
turn yellow upon storage. 
The proteins present as natural impurities of the 
cotton fiber are removed by the alkaline treatment and follow-
in r: wash. These substances, of hi ° .h nitrogen content, will 
hydrolyze by boiling in alkaline liouors. It has been proved 
that the proteins present in the fiber will decompose upon this 
treatment and give off ammonia. The evolution of this 7as 
accounts for the neculiar small of the kier house in bleach-
works. Proteins have to be removed before the hypochlorite 
treatment in order to prevent the formation of chloroamines which 
are detrimental to the tensile strength of the material upon 
drying. This tendering is due to the oxidizing properties of 
these compounds. However, the removal of the protein content 
Di cotton is hardly taken into consideration due to the fact 
tIlat the same treatment that will remove the waxes and fats from 
22 
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t:ie cotton fiber will remove these nitrogenous compounds 
also. 	
The mineral natters found in the cotton fiber are 
removed by two means. The substances soluble in water will 
be dissolved durinE the washings of the goods and thus removed. 
The substances insoluble in water will be reduced to a great 
extent by the action of the alkaline boil and mechanical hand-
ling of the goods. Although it is desirable to obtain as 
•re cellulose as possible by bleaching, it cannot be said 
tat the natural mineral contents of cotton will interfere in 
-,ne production of a good, satisfactory bleach. There has been 
.ary little work recorded in the elimination of mineral im-
purities in cotton. This has been due greatly to the un-
importance of the presence of such substances in the finished 
_product as commercial whites. However, it has been found that 
after the caustic soda-hypochlorite bleach only five percent 
of the original mineral contents remained in the fiber. This 
determination was made by analysis of the ash residue after 
yarning the cotton. Higins found that as the non-cellulose 
constituents were removed, the ash decreased in about the same 
ratio. The-e was not a great decrease in weight after the 
scouring and also the ash contents remained constant 2. 2 
The pectic natter is also removed by the alkaline 
)011. The anolnt of such substances is very small, but it is 
lesirable to remove as much as possible. It is interesting 
IiiR7ins, S. 	"Bleaching", p. 51-52, Lon mans, Green 
Co., London, 1921. 
23. 
to note 
that a treatrIont with dilute hydrochloric acid will 
impurities. Pectic matters have a natural dark 
remove these 
their own, and, when in the cotton fiber, they give 
 of 
its c'laracteristic 7ellowishtint to a certain extent. In 
order to obtain a pure white, the pectic matters present must 
,e eliminated. By action of boiling, dilute, alkaline solutions, 
the non-cellulose portion is gydrolyzed, first to pectine, then 
to metapectine, and, finally, to parapectic acid, the solutions 
Which are relatinazed by the alkaline treatment. 
The coloring matters are not affected by the alkaline 
boil. These impurities have to be removed by other means. It 
is here that the bleaching agents are used. The methods for 
-1-loving such coloring matter are two - first, to reduce the 
;oloring matter to a colorless leuco compound by the action of 
nascent hydrogen and, second, by the formation of a colorless 
leuco compound produced from the action of nascent oxygen. In 
the case of nascent hydrogen, the colorless compounds formed 
are not soluble and when left in the goods may be later oxidized 
back to their o ,, iFinal color, and the stain of the coloring 
matter would be noticeable after the goods have been stored for 
some length of time. In the case of oxygen, the coloring matter 
is oxidized to soluble, colorless compounds which can be removed 
)7 
further washing. Thus, for the reason that the oxidized com-
pounds are all soluble, the oxidizing process has found a more 
vast application. If the goods have had a good alkaline treat- 
ment and a reasonaLle bleaching, the white obtained on them 
;ho;ld be very satisfactorY. 
111111.11.11111111111111111111111 1.1mmimm...M.  
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The notes present in all gray materials manufactured 
co tton, to a greater or less extent, are not impurities 
from 
t  in the fiber itself, but they are natural impurities 
• 
-;resen 
on the cotton fiber. The motes have their ori-in at 
present  
the cotton 
nin• The motes are small pieces of cotton-seed and 
broken 
leaf particles produced by ginning. Since the motes are 
o
f vegetable origin, it is logical to expect them to have a 
composition similar to cotton. The only difference is the 
different proportions of the constituents. As an the case of 
cotton, most of the impurities present in the motes is elimi-
nated by the alkaline boil. The remaining, coloring matter is 
eliminated at the bleaching; operation. However, it is inter-
estir to note that the motes are not removed from the fabric 
but that they are bleached along with the cotton. 
The removal of the added impurities of the cotton 
fiber is accomplished in a similar manner to the removal of 
the natural impurities, except in the case of the size. The 
oils and stains are removed by the alkaline boil throu-h the 
saponification of the substances. The dirt collected by the 
-nods is removed either by solution in the washing water or by 
the alkaline treatment. In the case of size, the method used 
is different, although it could also be removed to a great 
extent in the alkaline boil. However, this is dangerous to a 
certain extent and detrimental to the efficiency of the equip-
ment and chemicals used. The -(sefore, methods of desizin- are 
used. These methods will be taken up later on. 
or 
IV. CHI,HISTRY OF THJ, HYPOCHLORIT1LS 
The removal of the coloring matter remainin on the 
cotton fiber after scourin- is accomplished by means of the 
bleachinr agents proper. These bleaching agents may belong 
to either one of the two general groups - reducing agents or 
oxidizing agents. As it was stated previously, the most 
suitable bleaching substances are those that will oxidize the 
coloring matter to soluble bodies which can be removed by washing. 
Of these agents the cheapest and most efficient are the hypo- 
chlorites. 
The chemistry of the hyopchlorites is by far riore 
complicated than the mere reaction of chlorine with some 
In order to make this statement clearer, it is necessary to 
follow the formation of hypochlorites from their main source - 
chlorine gas. 
Chlorine is a -Preenish yellow -Pas, possessing a very 
pungent odor. ';then Inhaled, it attacks the mucous membrane of 
the nose, throat and lungs, thus causing death by suffocation. 
It is readily liquified by cooling it to-34 degrees centi-rade 
when it forms a yellow liquid which freezes at-l02 degrees 
centigrade. Liquid chlorine has been for some time an article 
of commerce. Chlorine gas is 35.5 times as heavy as hydrogen 
or 2.45 times as heavy as air. It is moderately soluble in 
water. One liter of water at 0 degrees centigrade dissolves 
3
.43 liters of gas and 3.00 liters at 17 degrees. If the aoueous 
26. 
frozen, crystals of chlorine octahydrate, 
solution be 
N 	
are formed. But, when chlorine is dissolved in 
c12.820,  
the water is decomposed with the formation 
water, some of 
of hypochlorous acid, thus 
C12+ _1
2 0 	 1-1C1 	1-1001 
This reaction is reversible, and, when the con-
centration of the chlorine exceeds one-tenth of one gram 
per liter, it goes back from right to left so that free 
chlorine is again formed. If a solution of chlorine is kept 
for some tir,e, a second reaction takes
23
place, resulting in 
the formation of nascent oxygen, thus 
H2O + C1 2 ,,Tr-= 
	2HC1 	0 
Another factor that will control the reversi-
bility of the equation when chlorine is dissolved in water 
is the concentration of the hydrochloric acid formed. Then 
the quantity is small, the reaction proceeds from left to 
rivht, forming hypochlorous and hydrochloric acid, until a 
state of equilibrium is reached. As soon as the concen-
tration of hydrochloric acid is increased beyond this point, 
either by direct addition or by increasing the concentration 
of chlorine, the reaction tends to be reversed and the 
hypochlorous acid is decomposed as quickly as it is formed. 
In the presence of large excess of hydrochloric acid, hypo- 
chlorous acid cannot exist at all. 
23 
Trotman, S. R., "The Bleaching, Dyeing and Chemical l
echnology of Textile Fibers', p. 267, Charles Griffin 
& Company, Limited, London, 1925. 
27. 
It is clear that if the hydrochloric acid be re- 
d as 
 quickly as it is p roduced, much more concentrated 
lDye 
solutions of hypochlorous acid could be obtained from the 
f 
chlorine on water. Now, while hydrochloric acid 
action 0 - 
stron acid, hypochlorous acid is a very weak one being; 
is astrop':  
unable to decompose even carbonates. Hence, if powdered 
calcium carbonate be suspended in the water, the hydrochloric 
acid will be neutralized, while the hypochlorous acid remains 
24 
in the solution, thus 
0HC1 + CaCO 3 	CaC12 	+ 	112003 
On the other hand, if slaked lime is saturated with 
chlorine gas, a double chloride and hypochloride of calcium 
is formed, thus 
Ca(0:1) 2
+012 	
0a(CC1)C1 + H20. 
The product of this reaction is known as bleach- 
ing powder. However, there has been much controversy as to the 
action of chlorine upon lime and the constitution of the product 
formed. For the general purposes of textile chemistry, the 
formula Ca(0C1)C1 is perfectly satisfactory , but it is inter-
estinr to go into the discussion of the several theories formu-
lated and the reasons that sustain such hypothesis. 
Bleaching powder was regarded at one time as a mixture 
of calcium chloride and calcium hypochiorite, but this hypothesis 
is not in accordance with its properties, and was soon given up. 
24 
Trotman, S. R. and Torp
, E. L., "The Principles of 
Bleachinp and Finishing of Cotton", p. 426=428, 
Charles Griffin Company, Limited, London, 1D27. 
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f solution. Calcium chloride is a very deliquescent 
process °- 
boav, but bleaching powder is not. Further, like other de-
liquescent compounds, it dissolves rapidly in alcohol; but no 
calcium 
chloride can be extracted from bleaching powder by 
this solvent. Finally, a molecular mixture of calcium chloride 
and 
hypochlorite would be much more soluble in water than is 
bleachin,.. powder. 
Odling proposed the formula Ca0C12. According, to 
this view, when the powder is treated with water, the follow-
ing chanr- e occurs. 
2Ca(CC 1  )C1 	CaC12 + Ca(CC1) 2 . 
The chief difficulties in connection with this formula are 
that it does not explain the presence of free lime which is 
always found in bleaching powder to the extent of ten to 
fifteen percent nor is it quite in accordance with the fact 
that no calcium chloride can be extracted with alcohol. 
Stahlschmidt considers that the formation of bleach-
inr powder is represented by the equation 
3Ca(OH) 2 	2C1., 	2C10CaO'l 	CaCl2 + 2'120 
Accordinc, to this view, it is a mixture of a basic hypo-
chlorite 
and calcium chloride. In the presence of water the 
the chloride dissolves, while the basic salt decomposes yielding 
hypochlorite and free lime2. 5 
25Trotman, S. R. and Torp t 'E..L., "The Principles of Bleaching and Finishing of Cotton" p. 434-435, Charles Griffin & Co Limited, London, 1927. 
Tt i s true 
that its aqueous solution contains both calcium 





Attempting to explain the presence of free lime, 
von 
Tiesenholt regards bleaching powder as being, formed in 
26 
accordance with the equation 
2Ca(")2 A- 2C1
2 R".===4. Ca(001) 2 	CaCl2 .2H20. 
This reaction he regards as reversible, and, 
hence, 
never complete in either direction. Thus free lime 
is always present. 27 
Dietz, as the result of experiments on the action 
of dry and moist carbon dioxide on bleaching powder, concludes 
that the formation of bleachinc powder is expressed by the . 
equation. 
2Ca(OH) 2 1- C12 	Ca00a(OC1)C1.H20 4 U20. 
This compound, in the presence of water, tends to react as 
follows, producing free lime: 
Ca0Ca(0C1)C1.H20 4 H2O —4 Ca(OH) 2 -1° Ca(001)C1.12 
 _thus, free lime is now available for the absorption of more 
chlorine, in accordance with the first equation. This explains 
the necessity for the presence of more moisture in the lime 
than is required to convert it into the hydroxide, Ca(OH) 2 , the 
extent to which this second reaction takes place, being governed 
by this factor. The final reaction is 
2nCa(OH)2 + (2n-1 )C 12--4 ( 2n-2)0a(001)01.H204 Ca0Ca(0C1)C1.1120 4 1120 
4, sample miht, therefore, be produced of any com-
position between Ca0C1 (001) C1. --120, contain 4 nr, 35.32 percent of 
26
J222a121the Society of Chemical Industry, XX (1901), P. 248 . 7
Journal of the Society of Chemical Industry, XX (1901), p. 247. 
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and ca(OC1)Sa.H20, containing 48.96 percent of 
chorine ,  
28 
Winteler concludes that bleaching powder cannot be 
represented by a simple formula but is undoubtedly a mixture 
of bodes, among 
which are basic calcium chloride and hypo- 
	
chlorite. 	29 
Tarugi argues that the formula Ca0 2C12 .H20 is in 
accordance 1,ith the properties of bleaching powder, point- 
: ;;g out that 
it quantitatively converts mercury into mercury 
chloride, as shown by the equation 
CaO2C12 + Hg 6 -4 Ca02 4- HgC12 . 
:e regards the formation of bleaching powder to be due to the 
7resence of slaked lime of calcium peroxide, Ca0 2 .H202 , and 
surnests the following series of reactions. 
1. - 2C12 + 2:120 ----4 	4HC1 + 02 
2. - Ca02 .H20 4- 2 -L1C1 	 CaO2C12 + 
3. - CaOH2O + 02 ----4 Ca02H202 
4. - Ca02H202 	2HC1 	 Ca02C12 4- 2H20 
Another hypochlorite used in the bleaching of cotton 
to a treat extent at the beginning of the nineteenth century was 
Lau De Javelle. This was the first true hypochlorite produced 
and used in the bleaching industry. This hypochlorite is pro-
duced by passing chlorine into a cold solution of potassium 
carbonate, and the resulting solution contains a mixture of 
chloride, hypochlorite and hypochlorous acid. The reaction 
takes place in two stages. First, chloride and hypochlorite of 
9 29 Journal 	Society of Chemical Industry, XXII (1903), p. 92. Journal ofu______291291._ 
Chemical  Industry, XXIV (1905), p. 25. 
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are formed, carbon dioxide being liberated, 
potassium  
K2003 	C12 ----+ KOC1 	
KC1 	CO2 . 
The carbon dioxide does not escape at first. As lonrr as any 
royalpotassium carbonate is present, this is converted by 




 -4 CO2  + H2O 	 2KHCO3' 
'then all the carbonate is present as bicarbonate, 
tJe chlorine decomposes this, forming hypochlorous acid and 
liberating carbon dioxide, which now escapes. Thus, effer-
vescence marks the beginning of this stage, 
KHCO3 + C12 	HOC1 	KCl ♦ CO2 
. :f the excess chlorine be used 
K2CO3 -I- H2O 	2C12 	2KC1 	2H0C1 + CO2. 
A solution containing free hypochlorous acid would 
be comparatively unstable. Hence, the reaction is stopped 
as soon as free carbon dioxide is liberated, and a little 
normal carbonate is added to make the solution alkaline. 
A similar solution for bleaching purposes nay be 
nrepared by using sodium carbonate, or milk of lime. Hew-
...ver, sodium and potassium hypochlorite solutions cannot be 
stocked for very long periods of time. 
Sodium and potassium hypochlorite solutions, even 
though more expensive than calcium hypochlorite, are desirable 
because they do not precipitate any water insoluble salts on 
the goods as is the case with the calcium compound. A good 
efficient solution of sodium hypochlorite may be prepared by 
a
ddinEr sodium carbonate in excess to a fresh solution of 
32. 
S7-le sodium hypochlorite is formed by 
'" leaehing powder. 
double decomposition and the salts of calcium carbonate pre-
cipitated, thus 




77pochlorites when treated with strong acids will 
yield h-Tochlorous acid or free chlorine depending on the 
arount of acid used. On the other hand, the addition of 
alkalis to hypochlorite solutions will neutralize the free 
hypochlorous acid and further hydrolysis will be retarded 
or inhibited. If neutral salts are mixed with a hypoc'alortte 
solution, they will break the equilibrium of the solution. In 
order to reestablish a condition of equilibrium once again, 
free chlorine is renerated. The action of metals and their 
oxides on hypochlorite solutions is that of a catalyst or 
oxy-en carrier. Hypochlorite solutions will liberate the whole 
30 
of their oxygen when metals or their oxides are present. When 
the temperature of the hypochloribe liquor is too low as to give 
a satisfactory, fast and efficient bleach, it has been found 
that the bleaching action can be accelerated by lic -ht, ultra- 
31 
violet being the effective rays. 
The bleaching action of llypochlorites has been the 
subject of much discussion and speculation. Taylor states that 
32 
the free chlorine is the active bleaching ag -ent and that hypo-
chlorous acid plays only a minor part in bleaching. 
30 Trotman, S. R.  "The Bleaching, Dyeing, and Chemical Tech- 
34
nology of Textile Fibers", p. 276 - 273, Charles Griffin 
C°mPanY , Limited, London, 1 925, U
ltraviolet, an .-Ifd to Bleaching", Textile Colorist, LVIII 32 (1936 )1 P. 463. 
"Ileaching", p. 54, Longmans, Green "; Co 
33. 
33 
however, states that the bleaching action of hypo- 
chlorites is due to the direct generation of oxygen and the 
-eneration of nascent chlorine to some extent at the beginninr-
of the action. Sun rays stimulate the bleaching action of 
h-upochlorites; this increased efficiency forms a parallel with 
decreased stability and points to the conclusion that the pure 
34 
oxygen which is involved performs the bleaching. Matthews 
points out that the bleaching agent in hypochlorite solutions 
is chlorine in a loosely combined condition. In the process 
the chlorine is liberated 5n the nascent state in the presence 
of water; the latter Is decomposed by the chlorine yielding 
hydrochloric acid and nascent oxy7en, and it is this oxygen 
which causes the bleachin =g; action. 
35 
McMyn and Bardsley state that the carbon dioxide in 
the air considerably assists the bleaching action by liberating 
the much more active substance hypochlorous acid. They, too, 
36 
consider the hypochlorous acid as the bleaching agent. Hauffmann, 
33 
Hig-ins, S. 	"Bleaching", p. 54-53, Longmans, Green P.,: Co., 
London, 1921. 
34 
1,7atthews, J. 1%, "Application of Dyestuffs", p. 116-117, 
John. Wiley & Sons, Inc., New York, 1920. 
35 
Ilchyn, J. W. and Bardeley, J. a., "Bleaching;, Dyeing, 
Printing and Finishine, p. 53, Sir Isaac Pitman & 
Sons, Ltd., London, 1932. 
36 
hauffmann, H., "Kinetics of Chlorine 'leaching,", Journal 




ging himself on the fact that a hypochlorite solution ill
bleach at a speed which is inversely proportional to its alThali 
content and directly proportional to its neutral salt contant, 
deducts that free hypochlorous acid is the bleaching agent. 
:Ater on the same author arrived at the conclusion that two 
substances are necessary for the bleaching effect, one of which 
is a true oxidizing agent and the second of which he calls an 
37 
activator. 	In a hypochlorite bleaching liquor the oxidizing 
substance is the hypochlorite ion and the activator is the free 
hypochlorous acid. With this new theory, Dr. Kauffmann has 
revolutionized the generally accepted theory of nascent oxygen 
by itself. According to his conclusions, the efficiency of 
a hypochlorite solution depends to a great extent on the con- 
38 
centration of the activator present. Hampson accepts this 
rew hypothesis and goes into proving it by his own experi-
mental work, pointing out also that the action of hypochlorite 
itions can be regulated by controlling the concentration of 
ivator in solution. 
37 
Kauffmann:H. "The Latest Research Work on Cotton -
Bleachine, American Dyestuff Reporter, XXI (1932), 
P. 647-649. 38 
Hampson, C. G., "The Chemistry of Cotton Bleaching", 
Textile Colorist, LX (1938), p. 700-703. 
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Ir V. FACTURE OF BLEACHING POWDERS AND ,BLEACHING SOLUTIONS ITd comivaRcIAL PRACTICE • 
Since the discovery of bleaching powder by Tennant 
at the beginning of the nineteenth century, the production of 
this substance has been the subject of intensive research. 
Although the basic reactions are all the same, the details of 
the 
processes vary to some extent. 
Commercially, bleaching powder is manufactured by 
exposing slaked lime to the action of chlorine gas. The slaked 
lime is spread on the floor of a specially constructed chamber 
and the chlorine is led in through an opening at the top under 
a slight pressure. A glass window is provided through which 
the progress of the absorption can be observed. As soon as the 
yellow color of the chlorine disappears, more is introduced. 
This is repeated, the lime being also turned occasionall-T, until 
no more chlorine is absorbed, indicated by the permanent color 
of the ras in the chamber. Some fresh slaked line is Mien added 
to absorb the residual chlorine and, after this, the powder is 
removed and packed in air-tight drums. The temperature of the 
operation must be kept low or calcium chlorate will be pro-
duced. Good commercial samples produced by this process con-
tain from 35 to 33 percent of active chlorine or available 
chlorine as it is generally termed. 
-ETowever, many variations of this process have been 
i
ntroduced and in each case they are clained to be definite 
L-rrrovemen ts. The truth of the natter is that bleaching 
powders can be produced by many cormercial processes and all 
will rive satisfactory results. 
33 
LacT:illan and Taylor use the following method. The 
addition of sodium chloride to a saturated calcium hypo-
chlorite solution at about 16 degrees centigrade results in 
the separation of crystals of a triple salt, Ca(0C1).0.Na0C1. 
VaC1.12H20 which may be employed for bleaching. A stable 
calcium hypochlorite is produced by the addition of suffi-
cient calcium chloride to the triple salt at low temperature 
to react with the sodium salt. A solution of caustic soda 
and calcium hydroxide, saturated with respect to the sodium 
chloride and the triple salt, is chlorinated under conditions 
such that common salt only crystallizes out, the triple salt 
being obtained from the supernatant liquor. A further modifi-
cation is given by the authors. The triple salt may be pro-
duced by adding sodium chloride at 0 degrees centigrade to a 
chlorinated lime solution containing calcium chloride and 
hypochlorite but free from hydrated calcium hypochlorite. 
40 
C. Carter, of the Imperial Chemical Industries, L'fd., 
introduced another method. A large volume of dilute chlorine 
ras is circulated, in couter current, with slaked lime or 
19 
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slaked line kept agitated in a rotary tube. A spray 
tiall/ 
is introduced during the process to control the tem- 
and prevent premature drying of the material in the 
perature 
rinating zone. A greater output of ordinary bleaching 
01-110 
powder 
is obtained by using dry chlorine or partially dry chlor- 
ine and a
djusting the volume in circulation. A tropical product, 
i.e., a product of high strength and low moisture content, is 
obtained in a single operation by using hot chlorine. 
I. G. Farbenindustrie A. produces a stable bleach-
ing nowder by suddenly bringing it, in a very fine state of 
division, in contact with a current of hot air (160 degrees to 
130 degrees centigrade) followinF In the same direction for a 
few seconds only. This sane company claims that a very stable 
bleaching powder containing , 36 percent or more of available 
42 
chlorine may be produced as follows. A commercial product of 
the desired chlorine value is mixed with one-half to one part 
of unslaked lime for each ciart of the total water content and 
the mixture is exposed to conditions of temperature leading, to 
Making of the lire. Finally, the product is freed from water 
by treatment with a current of warn air. A third process is 
43 
given as follows by the same concern. To avoid the wet point 
42
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in  the malcinF 
of bleaching powder, chlorination is stopped 
chlorine concentration of about 30 to 32 percent. 
on reaching a 
Then  the 
resultant substance is dehydrated and mixed with enough 
of an  anhydrous calcium hypochlorite compound to give a product 
of any desired chlorine concentration. The product is extremely 
stable. 
Hvpochlorite solutions from bleaching powder are pre-
pared by simply dissolving the solid powder in water in such 
proportions as to give the desired concentration of chlorine in 
the stock solution. During the addition of the bleaching powder 
to the water, considerable agitation is needed. After the addi-
tion of the calcium compound is completed, the solution is 
allowed to stand so tnat the insoluble impurities will settle 
down from suspension. 
Sodium or potassium hypochlorite solutions can be 
produced by passing chlorine gas through a sodium or potassium 
44 
carbonate solution. Ullman gives a method for producing sodium 
hypochlorite by the action of chlorine as on a solution of 
caustic soda, making sure that an excess of alkali is present 
45 
to insure stability of the solution. Ivey points out the con-
venience of usinr• both sodium hydroxide and carbonate in the 
preparation of bleaching solutions from chlorine gas. The hydro-
xide will form the stable compound, while the carbonate gives 
44
Ullman, G., "Bleaching, Solutions and Chlorines and Their 
Self Production" Textile Colorist, LXV, (1943), p. 227, 231, 253, 273. 	' 45 
Iv
meey J. W., "The Use of Chlorine in Bleaching Cotton Goods", 
Ari can Dyestuff Reporter, XIX (1930), p. 611-616. 
47
Jacquemain, R. P. and Doll, J. H. " and 	 Influence of Time, Light 
Temperature on the Storage of Eau De Javelle", Journal 
48of the Society of Dlers and Colorists, LII (1936), P. 97 . 2ean, p. 
"The Chemistry and Practice of Finishing", V
chester
ol. I, P. 	m158-160, Hu tton, Hartley & Co., Ltd., Man- 
, 1926. 
46
Savell, W.L. and Ivey, J.W., "Use and Disuse of Chlorine 
in Textile Bleaching", American Dyestuff Reporter, XX (1931) P. 97-100. 
39. 
the 
 necessary excess of alkali. The author claims that this 
procedur e 
.rives a solution that is stable enough to be carried 
 
in 	
for several days, and, then, when used, the bleaching 
stock 
will be faster than when using strairht caustic soda. 
action 	 46 
Savell and Ivey, of Mathison Alkali'forks, mention the fact 
that so
dium hypochlorite solutions of very high chlorine con-
tent can be prepared by the action of sodium carbonate on a 
fresh solution of H.T.H. Here also the alkali must be present 
in a slight excess. 
47 
Jacquemain and Doll emphasize -Le fact that sodium 
hvolochlorite solutions should not be kept in stock over long 
periods of tine. They also point out that if stock solutions 
are to be kept for several days, they should be in dark, cool 
places to prevent the decomposition and loss in strength of the 
product. 
A method used to a certain extent in the production 
of sodium hypochlorite solutions is by the electrolysis of 
sodium chloride. This is an application in the bleach house 
of the methods used for the commercial production of caustic 
soda and chlorine from sodium chloride. An English patent was 
48 




chloride solution in a tank until it is nearly 
then the electric current is passed through. In the 
full, 
center of 
the tank is the electrolyzer on either side of 
whi ch are placed 
cooling coils. It is necessary to keep the 
liquor 
cool, otherwise, sodium chlorate will be produced 
instead of sodium hypochlorite. The temperature sho -__d not 
be allowed to rise above 86 degrees fahrenheit. The brine 
solution is decomposed by the action of the electric current 
into its constituents, sodium and chlorine. The chlorine is 
liberated at the positive pole and the sodium of the negative 
pole. The sodium immediately combines with water, to form 
caustic soda, with the evolution of hydrogen. The chlorine 
unites with the sodium hydroxide to form sodium hypochlorite. 
current is passed through the brine solution until a 
solution of sufficient strength of available chlorine is 
obtained; the liquor is then removed from the electrolyses 
tank and placed in the bleaching vat. The amount of chlorine 
available in solutions of sodium hypochlorite thus produced 
cannot be ascertained by means of their specific gravity, and, 
therefore, titration methods have to be used. Some of the 
advantages claimed for the electrolytic method are its cheap-
ness and its freedom from sediment. However, such solutions 
are decomposed very quickly and do not lend themselves to all 
bleaching procedures due to their low chlorine contents. 
41. 
IT. STANDARD METHODS OF HYFOCHLORITE BLEACH 
The bleaching of cotton goods involves two main 
points.. First, the removal of all soluble matters by means 
of 
a thorough treatment with alkalis and acids and washing. 
Second, the removal of the insoluble coloring matter remain-
inr 
after the first treatment by means of a true bleachincE, 
agent. 
Bleaching, unfortunately, is subject to many opinions 
and no one method can be given as standard. The bleacher him-
self and his convictions play a great part in the selection 
of the best suited bleaching method to be used in the process-
ing of a riven lot of roods. The factors contributing to the 
decision of the bleacher are the rrade of the roods, the 
weirht of the materials, the amount of natural and added im- 
purities present and the purpose for which the goods are intend-
ed. 
In spite of all the variables involved, the bleaching 
process is made up of cartain operations which are standard and 
which are the units, so to speak, of the general procedure 
enploved. The different methods of bleaching are nothing but 
combination, in one way or another, of these basic operations. 
?he operations are singeing, desizing or steeping, kier boiling, 
souring, chemicking, anthichlor and waeling. 
1. slnmlas . This name is given to the operation 
1
)7 means of which the nap or fuzz of the fabric is removed from 
the 
face of the cloth. This is accomplished either by passing 
111111111111111111111111111111111.111MIMMIMIMMIMI  42. 
rapidly over the surface of strongly-heated copper 
the cloth 
plates 	
g 	 i or rollers, plate sineing, or by giving it a passage 
a  non-luminous gas flame, gas singeing. 
throuril 
In plate singeing, the nap is chiefly removed from 
the surface of the cloth, while in gas singeing the flame, 
penetrating more or less into and through the cloth, removes 
tae loose fibers in the interior of the fabric. Thus, by the 
latter method, the cloth is much more thoroughly singed than 
',I,  the former. Such a thorough singeing may in some cases not 
be required and both types of singein - machines are, therefore, 
49 
frequently found working side by side. Steevens emphasized 
the fact that if the warp yarns used in the manufacture of the 
cloth have been sized with mixtures containing such substances 
as magnesium chloride, they must be removed preparatory to the 
singeing by washing with water and drying, as the heat of the 
singeing would decompose the chlorides, setting free hydro-
chloric acid which would rapidly tender the fabric by attacking 
50 
"-he cotton. 
2. Desizing or steeping. By means of this process 
it is aimed to remove as much as possible of the soluble 
impurities present in the goods before the kier boiling. Both- 
=fey brinrs out the fact that starches will produce a gum-like 
49 
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the presence of alkalis. This will cause the 
substance in 
liquor to become heavy and syrupy and, thus, interfere 
kier 
with the 
proper circulation of the kier liquor. 
This nrocess is used in several ways. Some bleachers 
s
teep the roods in warm water over ni-ht, or until natural 
fermentation is set in and the starches are converted into 
dextrose, and the cotton proteins partly dissolved as peptones. 
Heavily 
sized goods are treated with diastase in order to re-
move the starch. There are several commercial preparations 
of 
enzymes such as Lxsize. About one percent of enzyme com- 
pound, on the weir -lit of the goods, is dissolved in water and 
the fabric is either impregnated with this solution at 65 degrees 
centigrade and allowed to stand for some time, or it is soaked 
in the liquor until the starch is completely converted to its 
52 
soluble form. Rohm and Haas have produced Diastase on a comer- 
cial basis, which is a solution of standarized anYlolitic enzyme 
and it is claimed that fabrics are digested with as low as one-
tenth of one percent solution. A third method of steeping the 
roods before kier boiling is by treating them in a dilute solution 
of hydrochloric or sulphuric acid. This acid treatment is claim- 
to solublilize a great percentage of the added impurities and 
to attack the protein and pectic contents of the cotton fiber. 
Some other bleachers use a combination of two of the above treat-




and Haas, "Diastase", Technical bulletin, (1937). 
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The tendency today is toward shorter and more effi-
steeping treatments at lower costs. The introduct;on 
Trmes is regarded as quite an improvement in time saving'. 
of enz.7* 
a good steeping of the goods previous to kier 
At any rate, 
boiling will improve the efficiency of the kier and of the 
chemicals used. 
3. Kier boilinr. This is the most important part 
in 
bleaching, and the results obtained at the end will largely 
depend on the thoroughness of this treatment. "Essentially, it 
consists in boiling the goods under pressure for several hours 
with an alkali and some assistant. At first, it was done in 
open vessels, and it is as old as the bleaching industry. Due 
to its importance, this action has been the topic of much 
research and discussion. 
The boiling of the goods can be done in open kiers 
or pressure or closed kiers. However, the open kier has left 
the field open to the pressure kier in most cases due to the 
ligh cost of operating it and the extra time required for 
obtaining the desired results. Nevertheless, the open kier 
finds its use when the materials to be treated contain some 
yarns dyed with colors which may be affected by pressure and 
high boiling temperatures. 
The first pressure kiers were large closed vessels 
where the goods were evenly piled and packed. The liquor was 
circulated and heated by injection of live steam. The pressure 
was built by the steam itself. This method of circulating the 
liquor was very inefficient since, when the proper temperature 
den t 
ined, the steam was cut off, eliminating the cir- 
was obta 
The use of live steam also caused the kier liquor 
culati° 11 * 
diluted to quite some extent in the course of the boil, 
to be 
an
d, thus, a great deal of kier efficiency was lost. 
53 
The modern kiers, such os the Allen Patent Worcester, 
eliminate the fault of the injector by using a centrifugal pump 
to c
irculate the liquor. It also eliminates the use or steam 
for 
heating the bath by the use of a superheater. This kier 
also presents the feature of reversible circulation from top 
to bottom or vice versa. Also, the pressure obtainable in this 
type of kier is higher and more uniform, thus, insuring greater 
efficiency and increased uniformity of results. 
Before the goods are entered in to the kier, it is 
advisable to give the walls of the kier and all metal parts 
tnat come in contact with the material a white wash to prevent 
the damaging of the goods. If the kier is new, it should be 
first coated with a thin layer of cement and then white washed 
with lime. Some bleachers prefer to coat t'ie kiers with sodium 
silicate to produce a glass effect, but, whichever method is 
used, the main point to be kept in mind is that the roods should 
not cone in contact with any metals in the kier boiling process. 
When the roods have previously been steeped, they are 
thoroughly washed and then squeezed and packed in the kier. The 
Packing of the goods can be accomplished either by hand or by 
mechanical means. Once the goods are well packed in the kier, 
53 
Mathes, T. F. "Bleaching Cotton Piece Goods in One 
AmericL  Dyestuff RePorter,  XIX (1930), p. 455-458. 
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it is filled half with water and then the alkali charge is run 
in,  finally, adding more water until the goods are floated. With 
the manhole open, the circulation is started to make sure t')at the 
goods axe properly packed and that there is no defective or clogged 
circulation. when this has been checked and found satisfactory, 
the manhole is closed and the heating is started. The vent pipe 
valve is left ()Den until the boiling point is reached to allow all 
the air present to leave the kier. When the kier starts boilrg, 
the vent is closed. Pressure should not be allowed to build up if 
all the air has not been removed. 
The alkall charge, the temperature used, the required 
pressure, the kier assistants, the length of trier treatment, and 
the number of kier boils are subjects of wide variations. The old 
54 
lime boil, as given by McMyn and Bardsley, consisted in impregnat-
ing the roods with a solution of milk of lime of such strength 
that three to four percent of actual lime content would be absorb- 
ed. The goods were then piled in the kier, and the kier was filled 
with water. The boil was carried for six to ten hours at about 
twenty pounds of pressure. After this length of time, the liquor 
was run off and the kier was filled up with cold water to prevent 
damage of the goods. According to Holmes the fats in the goods are 
converted into insoluble calcium salts and the pectoses and pectins 
55 
into insoluble lectates of calcium. These insoluble salt, are 
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removed upon further souring and lye boiling of the goods. 
56 
-.1,stey gives the following procedure for a lye boil. 
The lye charge should stand at four degrees Twaddle after the 
caustic soda and soda ash have been added. The addition of  
a good kier oil is desirable to give penetration and also 
bisulphite of soda should be added to help expel the air from 
the kier. After a nine hour boil at a pressure of twenty 
57 
pounds, the detergents in the kier should be exhausted. Holmes 
gives a general formula for lye boils as follows: Ten grams 
per liter of caustic soda, five grams per liter of soda ash, 
one to two grams per liter of resin and five to ten mililiters 
per liter of sodium bisulphite of seventy-seven degrees Twaddle. 
The duration of the boil should be from six to eight hours and 
the pressure twenty-nine pounds and not above thirty-seven 
58 
pounds. Bothamley advises the use of three percent caustic soda 
and two percent kier assistant. Ten hours' boil is used at a 
59 
pressure ranging from twenty to thirty pounds. Taq.liani recom- 
mends the use of only one boil at low pressure with caustic soda, 
sodium carbonate or silicate, or lime and soda. Boiling should 
not be carried over long periods of time, and he sets four hours 
as the limit. 
48. 
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Hampson gives the following one kier boil method of 
bleaching. He recommends the use of two percent caustic and one 
percent kier assistant at a temperature of not more than 120 
degrees centigrade and at not over thirty poun
1
ds of pressure for 
6 
about nine to ten hours. Schole .lield and Ward use two percent 
caustic soda and 0.2 percent of Lissapol A, a sulphonated alcohol 
type of kier assistant, at a boil for seven and a half hours and 
with twenty pounds of pressure. 
The scouring of goods is carried out not only in biers 
but also in jigs. When the treatment required is only that of 
removing the majority of the impurities on the goods without 
aiming at the destruction of the coloring matter, the jig will 
give very good results in about four to six ends at a boil or 
near a boil with three percent of caustic soda and one-half of 
one percent of a good penetrant. 
However, a great deal of research has been carried 
out aiming to reduce the length of time needed in the bottoming 
of the goods before bleaching. The Russian chemists Filopov and 
62 
Voronkov have been able to accomplish a great reduction in the 
time and cost of scouring. They do away with the conventional 
kier and introduce a method of scouring that will lend itself to 
Hampson, C. G., "The Chemistry of Cotton Bleaching", 
Textile Colorist, LX (1938), p. 700-703. 
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the use of continuous hypochlorite bleaching with very satis- 
faetorcr 
results. Filopov and Voronkov scour the fabrics 
without previous treatment at all by heating them for thirty 
to forty minutes in open vessels at 85 degrees to 95 degrees 
eenti-rade in a liquor containing two and one-half percent 
caustic soda, an emulsifier, sodium silicate, and sodium or 
potassium sulphite. 
63 
I. du Pont de Nemours and Company have intro- 
duced the following method of scourinc - cotton goods. The goods 
are first wetted with aqueous alkali containing about six percent 
by weight of caustic soda. They are then passed through a steam-
ing compartment maintained at 83 to 93 degrees centigrade, where 
they are kept long enough for the alkali to produce the desired 
effect, generally forty-five minutes to one hour. 
Vincent, Dubeau, Synan, Carr, Fenrich and Dlngers, of 
the Mathison Alkali Works, Inc., have developed a new process of 
64 
scouring cotton goods. The goods are treated in full width and 
travel continuously through a hot padder containing the scouring 
solution which is made up of four to eight percent caustic soda, 
one-half of one percent synthetic detergent, 0.1 percent penetrant, 
0.15 to 0.25 percent Textone. No previous steeping is used. Travel- 
ing through the padder at the rate of 100 yards per minute, the 
fabric is imprepmated with the hot solution and passed through rolls 
r3 
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whi c
h remove the surplus liquid. The goods are then drawn into 
the st
eamer, is kept c which i kt full of steam at atmospheric pressure , 
 
in operation. But before reaching a slowly moving con- 
por , 
which travels at the rate of two feet per minute, the 
ro,--tc passes in front of a row of steam jets issuincr from a 
pu-- ated pipe which cause it to billow outwards and to fall 
-  
on 
the belt in loose folds, forming a continuous pile about a 
foot hi h• At the end of its travel in the steamer, the fabric 
is removed from the belt, also at the rate of 100 yards per 
Minute, and given a water wash. By adjusting the proper belt 
speed, a treatment of about thirty minutes is given to the cloth 
in the steam chamber. The length of steaming will determine the 
degree of scouring obtained on the goods. 
4. Souring. This is a process . used in connection with 
the lime boil and calcium hypochlorite chemicking. The goods are 
treated in a weak solution of mineral acid, hydrochloric pre-
ferably, for fifteen or thirty minutes cold or luke warm. A con-
centration of one-half to one percent will be satisfactory for all 
practical purposes. The acid decomposes the line soaps, removing 
the calcium portion and leaving the free fatty acids on the cloth 
to be removed by the soda in the next scouring operation. In the 
case of the calcium hypochlorite treatment, the acid will decompose 
the calcium carbonates into the soluble chlorides of calcium, and 
it will also free the goods from any chlorine left on them. 7,1,11ft 
J Al 
soured goods have to be thoroughly washed before going into the 
1 
 nit 
process, otherwise, the whole purpose of the sour would be 
defeated. 
5. Chemicking. Fundamentally chemicking consists 
51. 
in the treatment of the scoured goods with the hypochlorite 
bleaching agent. This is accomplished in specially built 
cisterns without any ordinary metal parts. vlood, concrete, 
a
nd stone are the most used materials in the manufacture of 
su
ch vessels. however, with the introduction of stainless 
steel, bleaching vats are now being made out of this material. 
Chenicking is generally accomplished by one of two 
methods. jither the goods are soaked in the cold bleaching 
liquor until the desired degree of whiteness is obtained, or 
they are impregnated with the cold hypochlorite solution and 
then piled in bins until the bleaching is complete. -Jere, 
again, the concentration of the hypochlorite solution, the 
temnerature used, and the length of time of treatment are the 
subject of much discussion. Some bleachers may select one 
set of conditions, while others would select another set of 
conditions entirely different. The truth of the matter is that 
the condition in which the goods reach the chemickinY process 
will control to a great extent the kind of treatment to be 
adopted. 
65 
Filopov and Voronkov claim to have obtained good 
bleaches by treating the scoured goods for thirty minutes in 
a calcium hypochlorite solution of one-half to one degree 
63 
A. J., "Comparison of a Modern U.S.S.R. Kiering and 
leaching Process with the Usual Western Methods", American  D7
estuff Re otter, XXII (1933), p. 1-4. 
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Bothamley uses a hypochlorite solution of one-half 
degree Twaddle for forty-five minutes to one hour to 
of one 	 67 
Food results. Schwalbe and 'Wenzel recommend the use of 
obtain 
a 
solution of sodium hypochlorite containing twenty grams of 
available chlorine per liter where the goods are steeped for 
five minutes at 30 degrees to 40 degrees centigrade. They re-
commend this quick bleaching method for open width treatment of 
fab-4cs and emphasize the necessity of very good washing after 
63 
the chemicking. Goble makes the following statement. Addition 
of sodium bicarbonate to calcium hypochlorite baths has a 
favorable influence on their bleaching action, but increases 
the consumption of chlorine, and on prolonged treatment, causes 
marked tendering; of the fiber. Its use is recommended, how- 
ever, in the rapid bleaching process, the duration of which does 
not exceed ten minutes, provided that the bleached goods are 
rinsed immediately. 
69 
Kauffmann recommends the use of a distinctly acid 
Jypochlorite bath, followed by one of hot hydrogen peroxide, 
both on the grounds of rapidity of action and preservation of 
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w 	 70 
fiber 
streng th. H. Tk• Bohme, A. G., Cheminitz, treat cotton 
An 
with hypochlorite bleaching solution long enough for the 
good s  
ribers to become completely saturated, then, without rinsing 
antichloring, subject them to an alkaline perioxide bleach. 
or 
liquor. They claim to be able to obtain very satisfactory 
whites without cellulose degradation. 
6. Antichloring. This operation consists in re-
moving all the free chlorine remaining in the goods after 
chemicking. Sodium hyposulphite, sodium sulphite, sodium bi-
sulphite and sulfur dioxide are some of the most common agents 
used. They all produce sodium chloride and hydrochloric acid 
with the free chlorine present, thus, making possthle to remove 
it from the fiber by washing. 
71 
Ailing recommends the use of sulfur dioxide on the 
grounds that it is more efficient than any other product used 
and that it is ased in very small quantities. The sulphur 
dioxiae will produce sulfurous acid with the water, and the 
sulfurous acid upon reacting with the oxygen present will be 
=averted to sulfuric acid. The sulfuric acid will neutralize 
all the alkali present and convert the chlorine to the chloride 
of the alkali used in the making of the hypochlorite solution. 
/0 
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Sulfuric and hydrochloric acids are also used for 
this purpose. The concentrations commonly used vary from 
one-half of one  
percent to one percent. The acids will elim- 
nate the chlorine from the fiber at the same time that they 
neutralize any 
alkali present or will convert the calcium car- 
bonates into the soluble calcium chlorides or the less soluble 
calcium sulfates. 
7 Washinr. The washing of the goods dur ing the 
bleaching process is one of the most important factors con-
trollinr the quality of the results obtained. The materials 
should be thoroughly washed after every operation before roinr 
to the next in order to remove all the impurities made soluble 
by the chemical treatments. If the Foods are finished without 
a good wash, the chemicals left in the fiber may cause tendering, 
and the white produced could be stained on storage. 
For the washing of the goods, large quantities of 
fresh water are used. Therefore, it is important tiat the 
quality of water used should be suitable for the requirements 
of the bleach house. The softness of the water should be a 
matter of much attention, especially for the kier boils and 
"mshes. If the water used is of undue hardness, chances are 
''.riat the goods will be stained and that they will have a harsh 
feel if they are not soured more than what would be necessary 
under normal conditions. 
Suspended matter invisible to the naked eve will 
Precipitate on the goods during washinm if such substances are 
lot removed before the water reaches the kiers and wash vessels. 
55. 
Spore forming bacteria, if present in the water, will produce 
stains, peculiar odors and mould on the goods upon stora-e. 
eater of high iron contents will produce stains which are very 
hard to remove. Likewise, trouble from matalic oxides may be 
expected from the piping if the water has a low pH value. 
72 
Blackwelder gives many good points in the treatment of water for 
use in textile finishing processes, and he emphasizes .Cle value 
of good water as savings to the industry. 
At the beginning of this chapter it was stated that 
these individual processes are combined in several ways by the 
bleachers to obtain the desired degree of cotton purification. 
Some of these processes are repeated several times before the 
results are considered satisfactory, while in some other cases 
satisfactory results are obtained without using every single 
operation described. The most thorough bleaching treatment 
given in industry is the Madder bleach. This treatment consists 
of: Singe, Steep, wash, lime boil, wash, sour, wash, lye boil, 
wash, sour, wash, lye boil, wash, chemick, wash, sour and final 
wash. Tt is a long drawn out process, but it will produce 
perfect whites, and, if the proper control is used, it will pro-
duce very little cellulose degradation. 
Another method used for obtaining very good results 
is the Caustic Soda bleach. The goods are given in this treat- 
ment, after singeing, steeping, and washing, a caustic kier boil, 
a wash, a lye boil, a wash, a chemicking, a wash, a sour, a wash, 
72 
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another wash, another sour and a final wash. 
A rood commercial bleach is obtained by singeing;, 
steeping or desiz!ng and washing, then trier boiling with 
CaUSt" 
and assistant, washing again and chemicking after 
which the moods are antichlored and rriven the final wash. 
The 'ladder bleach and the Caustic Soda bleach are 
designed in this case for heavy fabrics. They represent the 
best in bleaching of hoods, and they cannot be very well per-
formed without a certain amount of skill. The commercial 
bleach, however, gives satisfactory results for all practical 
purposes, and it is used when the -oods are to be sold ,ghite. 
Sometimes, the white is improved by a tinting or bluing, and 
the feel of the fabric can be made softer by . a soaping oper-
ation before drying and finishing or by the use of some finish- 
ing oiJ. 
57. 
VII. OTHER METHODS OF BLLAC1ING 
Hypochlorite solutions are used in bleaching 
because 
they are cheap and render satisfactory results. 
Nevertheless, attempts have been made to find other products 
that will also have a bleaching action. The main requirement 
for 
any product to be used as a bleaching agent is that it 
should generate oxygen without deteriorating the goods and 
also should be economical. 
Among the early products to be used as bleaching 
agents, other than hypochlorites, were potassium permanga-
nate, sodium perborate, and the peroxides. All these com-
pounds will generate oxygen, and the oxygen generated will 
oxidize the coloring matter present in the fiber. They are 
more expensive than the hypochlorites and cannot compete 
with them. The reason for the high cost of bleaching with 
these products is not only their higher original cost but the 
high cost of the chemicals used to assist the bleaching and 
the increased handling of the goods. However, it is interest-
ing to stud,- these processes as they are used and the chemistry 
they involve. 
1. Permanganate bleaching. The goods have to be 
v2oured before they can be given a good bleach with the 
action of permanganate solutions. After scouring, the material 
IS 
steeped in a cold solution of potassium permanganate of 
about one-half of one percent. This solution has to be acidified, 
58. 
slid sulfuric acid is the agent most widely used. The per-
..angana 
4_ 0 Fives up its oxygen and thereby becomes reduced 
a 
hydrated oxide of manganese which is precipitated on 
to 
the fiber 
as a dark brown deposit. To remove this brown 
precipitate 
of manganese requires the rinse of the cotton in 
water and the passage of the goods into a fresh bath of a 
Muted 
solution of sodium bisulphite. The goods are treated 
with 
permanganate for about ten minutes, and then they are 
washed 
and treated with the bisulphite for another ten minutes. 
Unfortunately, good whites cannot be obtained with just one 
Each treatment and the process has to be repeated several 
times. By using an excess of sulfuric acid in the permanga-
nate solution, the bisulphite treatment can be neglected, 
since the acid will prevent the formation of the manganese 
oxide. However, such an increase in the concentration of 
sulfuric acid may be detrimental to the cotton goods. 
The bleaching effect of a permanganate solution 
differs considerably depending on whether the solution is 
acid or neutral. In the former case, five atoms of oxygen 
are available, whereas in the latter case only three atoms 
of oxygen are set free. But whichever method may be used, 
the rapidity of the bleach obtained does not allow a well 
penetrated bleach with the consequence that the inner parts 
of 
the fiber are not properly bleached, and, though the surface 
may at first appear quite 	this superficial purity is 
liable to be lost after a time. This is specially true if al 1 
traces of the manganese compounds are not thoroughly washed out. 
59. 
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Holmes claims to have obtained a satisfactory bleach 




f sulfuric acid ana from 0.2 to five percent of permanganate. 
The material is soaked for about three hours in this solution, 
removed and washed. The oxides of manganese are dissolved 
by the action of a weak bath of sulfuric acid after which 
a thorough wash completes the process. 
2. Perborate bleaching. The bleaching agent when 
perborates are used Is hydorgen peroxide. When sodium perbor-
ate is dissolved in water it decomposes into caustic soda, 
borax and hydrogen peroxide. This gives an alkaline solution, 
but more caustic has to be added to produce a good bleach. 
This method is too expensive for industrial purposes, and the 
results obtained are no better than the results of a hypochlo-
rite bleach. However, it is claimed that the action of the 
perborates on the cotton is very mild, and, therefore, no 
great deterioration of the goods takes place. 
74 
Eatthews gives the following procedure for bleach-
ing cotton goods with sodium perborate. The fabric is first 
desized and then well rinsed. Scouring is unnecessary except 
in the case of very dirty goods. The pieces are then steeped 
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in the bleach liquor until saturated and then heated in the 
caustic soda lye for four to five hours while the whole liquor 
is circulated under a pressure of twenty-two to thirty pounds. 
The bleach-lye liquor is made up of a five percent solution 
of caustic soda, two and one-half percent soap, one and one-
fourth percent sulphonated oil, three-fourths of one percent 
of sodium perborate, and three-fourths of one percent of sul-
phate of alumina. The goods are afterwards removed, washed 
well and finished. 
3. Peroxide bleaching. This method of bleaching 
cotton goods was first used with the aid of sodium peroxide 
which in solution produces sodium hydroxide and hydrogen 
peroxide, the active bleaching agent. The goods have to be 
thoroughly scoured before they are submitted to the bleaching 
action of the Peroxide. 
75 
Bottler gives the following Procedure for bleach- 
ing with sodium peroxide without previously kier boiling the 
material. The bleaching liquor is prepared by mixing eight 
parts of caustic soda, one part of sodium silicate and one 
part of sodium peroxide. One part of this mixture is dissolv-
ed, slowly and in small portions, in 150 parts of cold water. 
The resulting liquor is poured over twenty-five parts, by 
weight, of goods in a kier, which is then filled up with water, 
closed and gently warmed for three to four hours. This causes 
a gradual liberation of oxygen from the peroxide, the impurities 
75 
M 	"Modern Bleaching Agents and Detergents", 
P.20, Scott, Greenwood & Son , London , 1910. 
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ber beInc_. thereby oxidized and bleached, 
in the 
f i 	 Whilst the 
saponifies any fatty matter present. 
alkal i 76 
However, Hubner recommends the scouring of the 
Act 
with a thorough trier boil before bleaching. The bleach- 
goo ,— 
ins solution is prepared by dissolving thirty pounds of mag-
nesium sulphate in ninety-five gallons of water, then adding 
ten 
pounds of sodium peroxide and twelve and one-half Pounds 
of 
sulfuric acid. One hundred pounds of material are bleached 
at 100 degrees to 115 degrees Fahrenheit for one to ten hours. 
After bleaching, the goods are soured in a dilute solution 
of sulfuric acid and thoroughly washed. 
]Filth the new developments in the manufacture of 
commercial hydrogen peroxide and the lower cost of this product, 
its use as a bleaching agent for cotton has increased. One o f 
the main objections to the use of hydrogen peroxide for bleach-
ing was its high cost. The use of straight hydrogen peroxide 
eliminates the dangers of handling the sodium peroxide and its 
fire hazard. Besides, the treatment is milder on the goods, 
and the loss in weight and strength of the goods is greatly 
reduced. 
The Textile Journal of Australia -ives a method for 
bleaching cotton with hydrogen peroxide where the scouring and 
bleaching operations can be carried successively in the same 
77 
vessel. The general method consists of a preliminary alkaline 
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Hubner, J., "Bleaching and Dyeing of Vegetable Fibrous 
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Materials" p 117 Constable 	Company, htd., London 1927. 
oome Notes on the Bleaching of Vegetable Fibers", 
Textile Colorist", LXII (1941), p.398-400. 
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boil, w4t11 the addition of small amounts of h7-drogen peroxide, 
I- six hours at 95 derrees centigrade in a liquor 
for five -c) 
containing 
two Prams per liter of sodium silicate, two grams 
per 
liter of 100 volumes hydrogen peroxide and two grams 
per liter 
of soda ash. Then, the trier is flooded with cold 
water and the 
goods washed twice. The main bleaching treat-
ment follows. This consists of treating the goods at 80 de Trees 
to 90 
decrees centigrade for six to eight hours in a bath 
containing six grams per liter of sodium silicate, six grams 
per liter of 100 volumes hydrogen peroxide and one gram per 
liter of soda ash. After bleaching, the poods are simply 
washed well with water and finished. 
E. I. DuPont De Nemours and Company, Inc., have 
78 
patented a method for continuous peroxide bleaching. This 
process is claimed to be economical, crecise, easily controll-
-d, cuick and, above all, uniform in its results. The process 
is described by the inventors as follows. The cloth, after 
singeinr or other preparation, passes into a caustic saterator. 
After leaving the saturator, the cloth is gathered into a rope 
and sent to the heater tube where it is uniformly heated from 
the saturation temperature of about 85 degrees Fahrenheit to 
the 
operating temperature of about 210 degrees Fahrenheit. 
The 
heated cloth next passes on to the J-box where it is 
Piled 
and allowed to age for one hour. The cloth is next 
Pulled through a washer and then on to the peroxide saturator. 
78 
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-eroxids Bleaching Process', Technical Bulletin, 1944. 
63. 
remains in the alkaline peroxide saturating solution 
The ,.loth 
lout;snou(7- 
11 to become uniformly impregnated and then it is 
scueezed to remove the excess water and chemicals. The cloth 
Rain  passed through a heater tube and into a J-box where 
it is stored for one hour, then pulled out, washed and piled 
in the white bin. The total time from gray to bleached goods 
is two hours and fifteen minutes. The speed of the system is 
from 100 to 200 yards a minute. 
7 
Dr. Rupp recommends the following solutions to be 
ised in the continuous peroxide bleaching method. The caustic 
saturator should be filled with a solution of caustic soda 
and some penetrant in such concentration that from tir to 
three percent of caustic is deposited in the goods. The 
peroxide saturator is filled with a solution containing from 
two to ten pounds of 100 volumes hydrogen peroxide and ten 
to fifteen pounds of silicate of soda per hundred gallons of 
liquor. The solutions used to replenish the used liquors should 
be about six to eight times as concentrated as the desired 
saturator strength. 
80 
Weiss and Von Reich give the following procedure 
for bleaching with hydrogen peroxide without a preliminary 
boil. The goods are treated in a weakly caustic alkaline bath 
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about two to three ercent hydrogen peroxide and 
conteninc 
about six times the quantity of sodium silicate, at about 
90 degrees to 100 degrees centigrade for six hours. After 
washing, the bleaching process may be carried out a second or 
third time if desired. 
81 
Holt and Kilpatricl: have developed a method by 
which ozone is used. Basically, it consists in giving the 
goods a normal treatment of hypochlorite after ?pier boiling. 
When the goods are impregnated with the bleaching liquor, 
ozonized air is blow on to them. After this, the goods are 
finished as in regular hypochlorite bleaching with souring and 
washing. The inventors claim that by thus doing the.gods 
are protected from the damages of hypochlorites and also that 
the results are obtained faster. 
81 
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DETERMINATION-OF ACTIVE CHLORINE IN BLEACHING POWDER 
AND HYPOCHLORITE BLEACHING SOLUTIONS 
The price and quality of bleaching powders are 
based on the percentage of available chlorine they contain. 
The amount of available chlorine is proportional to the 
bleaching power of the powder or solution. In other words, 
the chlorine that is measured is that which will combine 
with the metallic ion and oxygen
82
to produce the hypochlorite. 
A method given by Mahin for determining quantitative-
ly the amount of available chlorine in bleaching powder is as 
follows. About fifteen grams of the bleaching powder to be 
tested are accurately weighed and placed in a one-liter volu-
metric flask. Then, the flask is filled to the mark with 
cooled distilled water and a-itated until the lumps are thorough-
ly disintegrated, so that soluble matter may be dissolved. 
Insoluble calcium carbonate remains, but, unless lumpy, this 
may be disregarded. Fifty-milliliter portions are measured by 
means of a pipette intoIrlenmeyer flasks. To each flask five 
grams of potassium iodide and twenty-five milliliters of ten 
percent acetic acid are added, and the whole is titrated with 
one-tenth normal standard sodium thiosulphate solution, adding 
starch solution at the last as an indicator. The end point is 
reached when the solution loses its color. The percentage of 
82 
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available chlorine is calculated by multiplying the number 
o
f milliliters of one-tenth normal thiosulphate used by 0.003546 
and irr  100, and dividing this product by the number of milli- 
liters in the sample solution titrated. 
The American Association of Textile Chemists and 
Colorists suggests another method of evaluating bleaching 
83 powders. Ten grams of the sample are accurately weighed into 
a mortar and rubbed to a thin cream with water. After allowing 
the coarse particles to subside, the turbid liquid is poured 
into a liter flask. The process is repeated with more water 
until all the powder is transferred to the flask which is then 
filled to the mark and well shaken. Immediately, fifty milli-
liters of the turbid solution are pipetted into a beaker and 
fifty milliliters of one-tenth normal solution of sodium 
arsenite are added, and the excess is titrated with a one-
tenth normal solution of iodine. The percentage of chlorine 
can be calculated from the number of milliliters of arsenite 
lsed minus the number of milliliters of iodine employed to 
titrate the excess arsenite. 
84 
Utermohlen suggests a method of determining the 
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of bleaching powders by computing the hydro- bleac'linr power 
ivtic acidit y
* of the samples. This can be estimated by boil-
ing 100 grams of the sample with 200 milliliters of one- 
tenth 
norinal sodium acetate solution in a Stohnannls 500 milli-
liter flask for one hour. The product is filtered and 125 
milliliters of the solution are titrated with one-tenth normal 
sodium 
hydroxide solution using phenolphthalein as indicator. 
The number of milliliters 
of sodium hydroxide used represents 
the hydrolytic acidity and is a measure of the decolorizing 
power of the bleaching powder tested. 
When the samples to be tested are solutions of 
hypochlorite, the procedure is very much the sane. The 
only difference is that there is no need for dissolving; the 
sample since it is already in solution. The sodium thiosul-
phate and sodium arsenate methods of titration are optionally 
used with very satisfactory results. 
To the two methods given, a third method may be 
85 
added as described by Ehrenfriend. A measured volume, In ex-
cess, of standard arsenious acid solution is added to the 
sample of hypochlorite, and the excess is estimated by titration, 
in acid solution, with standard potassium bronate solution. 
The indicator used is Methyl Orange, the color of which is 
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tleached by the free bromide liberated at the end point. 
All these methods are simple, practical means of 
controlling the bleaching solutions in the bleach house. 
These methods are riven because it has been found that in 
order 
to obtain rood results in bleaching, the different 
operations have to be controlled at all times and the materials 
used must have a certain degree of consistency in their quality. 
The old Twaddle hydrometer used for such purposes in the bleach 
house is by far too inaccurate. The density of hypochlorite 
solutions would be a very good means of finding their bleach-
ing power if they all were made from powders of unchanging 
chlorine contents. However, the composition and percentage of 
chlorine of bleaching powders vary to a great entent, making 
the use of the hydrometer a very crude and inaccurate measure-
ment. The titration methods have found more and more use 
during the last years in the bleach houses, and they have been 
greatly simplified by the use of specially graduated burettes 
and other equipment. 
McCrumb, of W. A. Taylor & Company, recommends 
the use of chlorine slide colorimeters for the determination 
86 
of the chlorine contents of bleach solutions. Th i s is a 
simple method and accurate enough for all practical purposes 
in the bleach house. It has a set of standards, and, by follow-
ing a simple procedure, it is possible to find in a few minutes 
86 
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the chlorine content 
The only objection to this method of 
solution tested. 
the strength of bleach solutions is that it de- 
determining 
pends on the human factor for matching the colors. 
and the strength of the hypochlorite 
70. 
IX. pH CONTROL IN BLEACHING 
The bleaching industry makes use of alkaline and 
acid solutions in the different stages of the bleaching 
process. The efficiency of the different operations used 
depends largely on the right degree of alkalinity or acidity 
of the solutions employed. With the establishment of the pH 
scale, some means of determining accurately such conditions 
was found. By the use of pH measurements it has been possible 
to eliminate any amount of uncertainty that was at first Found 
in bleacheries, and at the same time any one operation can 
be duplicated at any time with more certainty. With the pH 
measurements, it is possible to determine quantitatively the 
acidity or alkalinity of solutions in contrast with the use 
of litmus paper, or any such other indicator, which only 
gives a qualitative idea of the concentration of hydrogen 
or hydroxyl ions. 
The measurement of the pH of a solution is based 
on the theory of ionization. This theory states that when an 
acid, base or salt is dissolved in water, it breaks up into 
ions which are atoms or group of atoms carrying positive or 
negative electrical charges. Acids will liberate hydrogen 
ions and bases will liberate hydroxyl ions. Pure water, 
which may be represented as HOH, ionizes into equal amounts 
of hydrogen and hydroxyl ions, which is the basis for consider-
ing Pure water chemically neutral. An acid solution will show 
• 
71,4, 
ence of hydrogen ions, while an excess of hydrox-1 
a predomin 
ions will 
make the solution alkaline. 
Kenny and Heed give the following explanation of 
37 
the
express ingnH scale and what it is based on. The mode of expre in  
hydrogen ion concentration in term of numerical values is 
very awkward. For instance, the actual hydrogen ion concentra- 
-7 
tion 
of pure water would be expressed as 0.0000001 or 1 x 10 
numerically. usingHowever, this has been simplified by  the 
term pH, which means the logarithm of the reciprocal of the 
hydrogen ion concentration. Thus, the pH of pure water would 
be 7.0. The range of the present day pH scale is from zero 
to fourteen. The midpoint is seven, which is the true neutral 
point. Values higher than seven denote alkalinity, the degree 
of alkalinity increasing as the numbers increase. Analogous-
ly, any values lower than seven denote acidity, the degree 
of acidity increasing as the number decreases. In order to 
regulate the pH of solutions, buffers are used. The purpose 
of the buffers is to maintain a definite pH value in a bath 
under all conditions of use. 
The methods used for measuring the pH of solutions 
can be classified in two groups: Calorimetric and electro-
metr:c. The colorimetric method involves the use of standards 
of colors obtained with certain indicators at different pH values. 
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to salts, acids, oxidation and reduction, and 
error due 
other sources. He does not recommend the use of colorimetric 




y are used in the industry are subject to wide variation, 
thus introducing another important source of error. On the 
other hand, the electrometric method is based on the measure-
ment of the electromotive force between two half cells, the 
one a reference and the other the hydrogen ion responsive 
element. The same aathor makes clear that this method is 
not accurate under all conditions, and that here also there 
are quite a few sources of error, although not quite as great 
as in the colorimetric measurements. But the variety of 
electrodes used in connection with such measurements allow 
for the use of the right electrode for the conditions under 
consideration. For all practical purposes in the bleaching 
industry, the glass electrode is recommended. The Beckman pH 
meter, industrial model, is a very practical instrument for 
quick determinations of pH values by the electrometric method, 
which used with the -lass electrode is by far the most suitable 
to use in bleach houses. 
The control of the pH values has found its applica-
tion in all the operations of the bleaching process. Through 
experimental work and research, certain pH values have been 
found to give the maximum efficiency and the least detrimental 
88 
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plays a very important part. 
89 
Kenny and Reed found that in the desizing process, 
malt diastase acts best at pH 4.Q to 5.0. Pancreatic enzymes 
used for the same purpose at pH 7.0, while mould and fungus 
are 
diastase acts most favorably at pH 5.4. B7 controlling the pH 
of the desizing bath and using buffer solutions, the best re-
sults at lowest cost can be obtained. 
In the kier boiling, the use of pH measurements 
Till help to determine the most efficient length of time re-
quired for the exhaustation of the kier charge. It likewise 
will be an indication of the efficiency of the kier and the 
90 
rate of exhaustation of the liquor. Rhodes and Bascom found 
that the detergent action of soap is controlled by the alka-
linity of the solution used. The best results are obtained 
at pH 10.7. On the other hand, they found that in the kier 
boiling operation the best results can be obtained between 
pH 11.0 and pH 13.0. 
In the souring of the goods, the pH of the solution 
used will be a good indication of the required time of treatment. 
89 
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otton. From desizing on to the last wash, 
74. 
likewise , in the washing operations, by proper pH control, 
i- 
 can be determined whether the goods are free from any acid 
L  
or 
base. Thus, the time used in treatments of this kind can 
be Ore efficiently set. m 
The particular bleaching operation where pH evaluations 
have found their most important use is chemicking. At this stage 
of bleaching, the acidity or alkalinit7 of the hypochlorite sol-
utions used will determine their efficiency, stability and detri-
mental action to the fiber. i-any scientists have done a consider-
able amount of research in this field and some of their findings 
have been quite helpful to the industry. 
91 
Davidson determined the dissociation constant of hypo-
-8 
chlorous acid which is 3.7 x 10 at 18 degrees to 20 degrees centi-
grade. he also found that the pi T of calcium end sodium hypochlo-
rite solut ions in the presence of cotton cloth falls rapidly dur-
ing the earl- stages of the bleach, being about pH 8.0 after about 
two and one-half hours. Addition of partially spent liquor reduces 
the initial pH of a bleach, owing to the buffer action of the car-
bonic acid and possibly oxalic acid produced during bleaching, 
and, although the fall in pH is more gradual, the final value is 
less than that given by totally fresh solutions. 
92 
Ridge and Little set the best range for chemicking as 
above pH 8.0 and below pH 6.0. In most cases PH 8.0 to pH 11.0 
is the range used for best results in chemicking. However, it 
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w bias 
 been shown that, under specified conditions, solutions 
-  
approxi natel7 neutral can be used and advantage taken of the  
extreme rapidity of action on the non-cellulose constituents 
eithout attackirrr the cellulose when conditions are controlled. 
In 
the neirrhborhood of pH 7.0 to 8.0 oxidation as well as chlor- 
inatJon 
can occur, whereas, below pH 6.0 chlorination predoninates. 
rwv 
the use of b'iffens, in spite of a fall in concentration, 
the pH 
of the liquor on the roods can remain essentiaL17 con-
stant, and reproducible and safe results can be expected. 
93 
Elod and Voge.1 found that, when cotton is bleached with sodium 
hypochlorite, both the efficiency of t'le bleach. and the extent 
to which the cellulose is derTadated, depend upon the pr4 of 
the 
	 Thus, when the duration of the bleach is fifteen 
minutes, maximum de radation of the fiber occurs at pH 7.0 to 3.0, 
whilst minimum effects are obtained in both respects by bleach-
ing at pH 5.0 and pH 10.0. On the other hand, when the dura- 
tion of bleaching is extended up to four hours, exactly the 
opposite effects are observed. 
In the antichlorinr of roods after the chenicking, 
the pH of the bath largely controls both the speed at which 
the reaction takes place and its completeness. Therefore, 
the pH of the bath is a factor to consider in determining the 
length of time the goods must remain in and the strength or 
concentration of the antichlor bath. 
93 
and Vorrel,F., "Bleacilin7 Cotton with Chlorine", 
Journal of the i3ocietv of Dyers and Colorists, LIII 
C157r,-T7.-17-5-116. 
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X. CELLULOSE DEGRADATION IN ELEACFING 
lituim■L 
The greatest enemy and the greatest problem of 
the bleaching industry is overhleaching, which results in 
cellulose degradation. This degradation of cellulose can 
be due to be the formation of either hydrocellulose, oxy-
cellulose or both. These two substances are usually present 
in overbelached samples, although in the absence of acid 
treatments, hydrocellulose is present in a lesser extent. 
Cellulose degradation takes place not only during the oxida-
tion of the coloring matter but also during the trier boiling 
of the materials. Unfortunately, the appearance of the goods 
will not indicate the presence or absence of cellulose degra-
dation. In order to be able to tell whether such degradation 
has taken place or not in bleaching, it is necessary to test 
the material either physically or chemically or to examine 
it under ultra violet light. lurtbermore, the chemistry 
Df the products of degradation is so complex and so little is 
known about their behavior and characteristics that an accurate 
determination of the presence of such bodies cannot be accomplish-
ed quantitatively without the help of elaborate equipment. 
Therefore, it is common practice to refer to such degradation 
as 
"chemical degradation". 
Cellulose is almost universally considered to con-
sist  of long chains of anhydroglucose units, that is, glucose 
   
   
   
77. 
toe pyranose form attached to-ether, with the loss 
units of 
or H and OH at the 1 and 4 positions respectively by primary 
This structure is represented by the use of per- 
valences • 
They are also attached together sidewise spective formulae. 
cellulose fiber in a more or less parallel and orderly 
fp the 	 94 
gement by the aid of so-called residual valency forces. 
mven 	 95 
Thomas says that when cellulose is attacked by acids 
owe is hydrolysis at the primary glucosidic linkages. The 
-olecule of water that was lost when two of the glucose units 
were united in the formation of cellulose is replaced and they 
are broken apart. In this way the chains or chain molecules 
become broken up into snorter lengths, thus, producing hydro- 
cellulose. 	
96 
According to Goldthwait the relations in the case 
of exycellulose are not so well understood, but the fall in 
tensile strength and increase in fluidity, as measured by 
culmammonium test, indicates clearly that the chain molecules 
are broken up also. 
97 
According to Ott the glucosidic linkages may not 
be attacked at the beginning of the reaction. Rather, the 
94 
Wertheim, E., "Textbook of Organic Chemistry", p.365, 
The Blakiston Company, Philadelphia, (1939). 95 
Thomas, H. A., "Oxvcellulose and Hydrocellulose", American 
Dyestuff Reporter , XXII (1933), • p 355-356 371-377. 96  
Goldthwait, C., "Hydrocellulose and Oxycellulose", American 
estuffrte.../2 XXVII (1938), p.692-694. 97 
Ott, Emil , 
Inter 4 	
"Cellulose and Cellulose Derivatives", p.134, 
See Publishers, Inc., New York, N. Y., (1943). 
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406 
21arr alcohol group in the gl
ucose unit is first oxidized 
?r : 
aldehyde, and the latter in turn oxidized to a carboxyl 
to an  
or ac id g"111" 
action s are accompanied by a breaking of the primary valence 
bonds 
between chains or the bonds are merely wea':ened. The 
..idehyde and acid products of oxidation may exist side by side 
/ 	in a varietY of proportions, de pending; upon the or'gin of 98 
V. reaction product. Davidson found that the pH of the oxidiz- 
edia will affect the nature of the products of oxidation 
inr from the reducing to the acidic type as the pH increases. 
Whatever the structure of these products may be, 
the fact remains that they are products of cellulose degrada-  
tion and that they are a breaking up of the regular cellulose 
molecule into shorter units. Hydrocellulose will result from 
the hydrolytic action of acids, while oxycellulose is produced 
by acid or alkaline oxidation of the cellulose. However when 
acid oxidation occurs, oxycellulose and hydrocellulose are 
formed. Both are characterized by a considerable loss in strength 
of material and by a tendency of the bleached product to stain 
on storage. 
Cellulose degradation will be present in the kier 
boil if the .7,00ds are treated at high temperatures with the 
11 alkaline solution before all the air has been expelled from the kier. Furthermore, the cellulose degradation obtained this 
I 	
_ 
k 118.7 is not evenly distriDuted on the roods but will be present 
at 
rando, forming spots wherever the hot lye came in contact 
98 
Davidson, G.F., "The Nodification of Cellulose by Oxidation", 
journal of the Society of Dyers and Colorists, LVI (1940), p58 - 67. 
It is not yet entirely clear whether these re- 
79. 
with  the goods in tae presence of air. Also, exposure of the 
11" 
saturated with hot lye to the air will cause great 
goods 
amounts of cellulose degradation. 
Tn the chemicking operation cellulose degradation 
h the use of too concentrated bleach liquors, by 
say occur -Y 
the 
actual bleaching lasting too long, or by too high tempera- 
maintained during the operation. Any grains of un- 
turc being 
dissolved bleaching powder which may be present in the bleach 
llcuor are capable of deteriorating the cellulose by developing 
a more intensified bleaching action in their vicinity. Omission 
of the wash-off between bleaching and souring is also a potent-
ial cause of trouble. The presence of small particles of rust 
or dust which act as oxygen carriers will cause small localized 
areas of degradation. This may also be due to unrenoved proteins 
which react with the hypochlorite to give chloramines. Unre-
moved mineral acids from the fabric, which, although used in 
low strengths, are concentrated in drying, cause cellulose 
degradation in the fiber. The control of the pH of the bleaching 
solution will prevent overbleaching to a great extent. 
A method of determining the presence of the excess-
ive cellulose degradation is by testing the tensile strength 
of the material bleached. Undue weakening of the goods will 
indicate, beyond any doubt, the presence of excessive degradation. 
However, this is the only physical test for any detriment of 
the goods in bleaching, and if the amount of degradation products 
Present is very small, this test will not be of any use. On the 
"her hand, many tests have been developed to identify these 
BO. 
ts  of degradation by chemical means. Most of the tests 
• prodlIc 
based on the reducing properties of the degradated 
lsed are 
, se . They are more sensitive tests and give better and 
cell"° 
more certain results. 
99 
Sommer and Markert recommend the silver test as the 
lost useful for a qualitative test of oxycellulose. A one per- 
cent solution of silver nitrate is taken and quantity sufficient 
of acrionia added to cause the precipitate to redissolve. The 
wimple is boiled in this solution and a brown stain indicates 
oxycellulose. Hydrocellulose rives a much weaker reaction. 
Undamaged cotton will not be stained. 
100 
H olmes recommends the use of Nessler's Reagent. 
:'his reagent is a solution of mercuric iodide in caustic soda. 
It is said to be possible to tell the extent of any damage in 
bleaching by merely sprinkling it on the sample and noting if 
any stain is produced. The intensity of the stain gives an 
indication of the extent of the damage. 
101 
Fennell emphasizes the usefulness of the Cuprammon-
lum Fluidity test for determining the degree of cellulose degra-
iation present. This method is quite elaborate and is not 
99 
Sommer, H. and Markert, H., "Detection of Oxy-and Hydro- 
celluloses", Journal of  the SocietaofEzprs and Colorists, 
100 XIVII (1931), p.304. 
HOlmes, J." "Oxvcellulose", Textile Colorist, LVI (1934), 
101 
P. 307-308 
Pennell, F.L. "The Significance and Utility of Cuprammonium Fluidity in T ' extile Bleaching", American Dyestuff reporter, 
XXX (1941), p.431-486. 
8 1 . 
s l for use in the bleach house. It requires quite a 
pract c 
i technique, and it is more a laboratory method. This 
sPec ia 
test  is based on the principle that the degradation of cellulose 
the cellulose molecule into shorter chains; 
is a  breaking up of 
tIlareforel  with greater degradation, the fluidity of the 
cuprammonium solution is increased. The measurements found with 
this test are a true index of the cellulose degradation present. 
102 
Ermen has developed a loerricyanide Rear -ent for the 
detection of oxycellulose. The reagent consists of a fourteen-
percent solution of armonium iron alum and a seven-percent 
solution of potassium ferricYanide. Two milliliters of the 
former and one milliliter of the latter are mixed with eight 
•illiliters of glacial acetic acid and water to make 100 milli-
liters. The samples to be tested are treated for five minutes 
with this solution over a water bath. A -reenish blue color 
gradually develops which is proportional to the degree of de- 
gradation of the cotton. The color thus obtained is not affected 
by washing with water. 
103 
H aller uses the following test for determining the 
degradation of cellulose. The samples are steeped for one to 
two hours in a cold solution of one percent stannous chloride. 
Then they are treated with a very dilute solution of gold chloride. 
A purple color will develop very rapidly in the presence of 
oxycellulose. The reaction_ is due to the increased affinity of 
102 
Ermen, WFA, "An Improved Ferricyanide Reagent for the Detection 
of Oxycellulose". 'Journal of the Society Of Dyers and Colorists, 
103 
XLVII 	 211. 
'j 	
(1931) p
ailer, R., "Differentiation Between Hydrocellulose and 
, 
ux7cellulose", Journal of the Society of  Dyers and Colorists,  
XLVII (1931), p.211 
0 0 • 
se for metal salts as compared to undamagedcotton. cellulo 
Other simple tests based on the decreased affinity 
of cheroca ily degraded cellulose for certain direct dyes, or 
Rneressed affinity of these products for basic dyes as 
the 1- 
compared 
to undamaged cellulose have been developed. However, 
they 
leave a great amount of doubt when the quantities of de-
r adated cellulose present are very small. Furthermore, a test 
for 
oxycellulose has been designed making use of its reducing 
properties. A vat yellow dye is used in caustic soda solution 
where the samples to be tested are treated. The oxycellulose 
will reduce the vat color to its leuco form and absorb it which, 
upon oxidation and washing will show as a yellow stain. The 
yr.damaged cotton will not be affected. 
(. 1 c, • 
XI. REVIEW OF THE LTTERATURE 
From the library research conducted, it has not 
,,elen possible to find any one work that will cover the subject 
of the present thesis. Considerable amount of work has been 
-ecorded on parts of this study. However, no one author has 
applied the actual industrial processes to the laboratory ex-
perimental work. In other cases no standard tests were used 
for measuring the results obtained. Finally, the present 
plan of attack on the subject apparently has not been used 
previously on cotton fabrics, and this finding; gives sore certain-
ty as to the need for the present study. 
104 
J. G. Williams conducted a program of experimental 
work on the tensile strength of wet and dry yarns after de-
terioration by the hypochlorite bleach. Unfortunately, the 
author did not use any standard tests in such determinations, 
and the main object of the work was to draw a comparison of 
the deterioration of viscose and cotton. However, a set re- 
lation was found between the loss in tensile strength of cotton 
urns and the amount of overbleaching. No attempt was made to 
Place the orip;in of overbleaching, since the treatment used was 
a simple chenicking operation so controlled as to purposely 
demall-e the fiber to varying degrees. 
104 
Williams, J. G., "Tensile Strength of -,yet and Air-dry Yarns 
)f,' Cotton and Viscose Silk After Deterioration by the Action °r Ultraviolet Light or of Fypochlorite Bleach", Journal of the Q -°ciet of Dyers and Colorists,XLVIII (1932), D.167-169. 
aeGGIIIM 
84. 
bast fibers. Nevertheless, some of his findings are a 
rmanl'r ba 
d i
ndication of the results to be expected in the bleaching 
The author found that in the bleaching of linen 
Of cotton. 
the 
 solubility number of the fiber increases with an increase 
in concentration, while an increase of ratio of liquor shows no 
greater damage. Likewise, determination of the effects of kier 
boil and temperature of chemickinr - were conducted. In both 
cases an increase in time and concentration produced a reduction 
in tensile strength. However, it was found that the degree 
of whiteness of the goods does not increase in proportion to 
the amount of over. bleaching. 
106 
E. Kornreich completing the work of Butterworth, 
claims that in the bleaching of cellulose with hypochlorites, 
the presence of the proteins of the fiber accounts for a 
percentage of the loss in strength. Kornreich sets a definite 
relationship between the color of the bleach, the loss in tensile 
strength and the protein contents of the fiber. The experimental 
work does not use any standard tests, but the bleaching opera-
tions were conducted under such conditions so as not to damage 
the cellulose by oxidation. All the damage produced in the 
105 
BlItterworth, E., "The Bleaching of Cellulose with Special 
Reference to East Fibers", Journal of the Society of Dyers 
4
, 
06  a 
	
/ nd Colorists, LV (1939) p.589-596. 
Kornreich, E., "Bleaching Cellulose", Journal of the Society 
of Dyers and Colorists",LVI (1940), p.352-355. 
105 
Butterworth performed an extensive study of 
bleaching, but the fibers used for such work were 
ce111.11056  
iii 1.5 
attributed to the chloramines formed 107 by the proteins. 
Johnson, Anderson, Parker and MacMahon conducted an 
85. 
11115tip7ation on the interrelation of whiteness and tensile 
itrenrth 
when bleaching agents were used in laundering. From 
ie data compiled, it is concluded that the degree of whiteness 
litained is inve - sely _)roportional to the tensile strength after 
r ye  chemicl!ing operation at a certain point. How ever, the tests 
.5+4A carried on goods which had already been bleached. This fact 
...aa_account for the greater loss found in tensile strength. 108 
G. B. Jambuserwala conducted a ver- intensive and inter-
esting study of the degrees of whiteness obtainable bv bleaching 
'n relation to different varieties of cotton. The purity of the 
bleached samples was estimated by the residual ash and fatty 
matter contents. The whiteness was measured by the intensity 
of the daylight reflected by the surface of the samples by the 1 
Ise of a photo-electric cell equipped with an amplifier and a 
calvRnometer. Finally, the two results obtained were correlated 
by visual estimations of differences in whiteness. The bleach-
inns were carried out by using varYing methods of kier boiling and 
tine of chericking. The concentrations used in the bleaching 
liquors were not studied. Likewise, the relatons of white- 
ness and tensile strength were not taken into consideration. 
empts were made to insure the least amount of cellulose 
I 10  	.Trohnson T. H. Anderson, Ab 1., Parker, H. O. and l'acrehon, 
J. D., "The Influence of Bleaching in the Whiteness and Tensile 
Strength of Cotton -iiiebrics", Auerican Dyestuff leporter, 
3.06 III (1934), p.519-520. i  
Jag.buserwala Gi r-t I, Am , 	
p .B.p "Degree of Whiteness Obtainable b- Bleach- , n 	erican Dyestuff R 	, 	 1 p.799-802, XLVT, (1937) p 799-80 820. 
36. 
dation In the samples obtained. 
After having carefully scrutinized all available 
on the subject, the following conclusion has been records 
reached. No work has been done, to the best of our knowledge, 
that will 
cover a complete study of the conditions used in 
Ougec'cing as to concentration of hypochlorite solution, length 
of time of 
treatment and temperature of treatment. likewise, 
no record has been found of any attempt to correlate the bleach-
ed results obtained as to whiteness and tensile strength with 
the above conditions. Upon completion of this work, it is 
hoped to draw definite conclusions as to such relations of 
whiteness and tensile strength and the factors contributing to 




I. G1,1Lli:AT.: EXPLRIMNTAL P13.00DITIZE 
T he main purpose in settincr, up the following 
ex.oerimental conditions has been to reproduce, as closely 
a
s practical, those which would be found in actual practice 
in the bleach house ,
. Therefore, it will be observed that some 
operations that are normally conducted in the laboratory 
have been omitted because they would be uneconomical or in-
possible to reproduce in plant operation. 
Since the only variables to be considered in the 
present work are in the actual chemicking process, all of 
the fabric used in the various tests was treated in the de-
sizing, trier boiling and anticialoring operations by the same 
method and under the same conditions. These methods were 
selected because they have been found in previous work to be 
satisfactory and commonly used in industry. 
The gray cotton fabric was divided into three lots. 
Two lots were of forty-one yards each and the third lot was 
of forty yards. The material was allowed to condition at 70 
degrees Fahrenheit and 65 percent relative humidity for one 
week. After this time, each lot was weighed and marked with 
standard eighteen-inch marks in both warp and filling directions 
for the determination of shrinkage. 
The next step was to desize the material. The fabric 
4as treated with two percent Exsize and one-half percent 
Santonerse D, based on the weight of the fabric. The Lxsize 
38. 
h splitting and the Santomerse D a penetrant. The Is  a starc
 for two hours at 145 derrees Fahrenheit 
fabric w as 
in a 
 fifteen to one bath. The technique used in this opera- 
to =teat the desired volume of water to the tempera- 
tion was 
The Santomerse 1) was adaed by ereviously (Its- 
re required  
solv4n,, in hot water, and finally the 1,xsize was poured in the 
The solution was not allowed to exceed 145 de-rrees Pahren- 
bath. 
heit. 
This eliminated the danger of killing the enzyme and 
reducing the efficiency of the bath. The fabric was soaked 
thoroughly two hours and allowed to stand in the bath until 
the full tvo hours of treatment were completed. Durirc-, the 
desizing treatment, samples of the bath liquor were withdrawn 
to measure the pH of the solution before the fabric was entered 
and every fifteen minutes thereafter. 
After desizing, the fabric was riven a fifteen-
minute wash at 145 degrees Fahrenheit and a thirty-minute 
tw)-ehanr17e cold wash. A hot wash is not practical from the 
standpoint of cost. 
After the cold wash, the fabric was extracted and 
then evenly and carefully packed in the kier. The kier had 
previously been whitewashed with lime and lined with cotton 
fabric. These precautions were taken in order to prevent any 
rust from coninF, in contact with the material during; the kier 
bollinr p rocess. Once the goods were well and evenly packed, 
the ki er was  
filled with water and allowed to stand over-night 
in order to expel all the air that may have been present. 
When all the air was removed, the kier charge was 
39. 
fourths percent neutral soap, and one-half percent 
'ff thee- 
D on the weight of the fabric. The caustic soda 
untomer ee- 
the  soap were used as the detergent agents and the Santo- 
and 
D wa s used as a penetrant to insure thorough circulation 
merge 
of the  icier liquor. with the lid open, the Icier was circu- 
lated for one hour cold to insure even distribution of the chemi-
cals throu g
hout the kier. At the end of this period, the 
lid was closed and a sample of liquor was taken to measure 
Heating was started with the safet ,T valve the original pH. 
open. When steam began to be generated, the safety valve was 
closed and the pressure allowed to build up to fifteen pounds 
at which point it was kept for eight hours. When the full 
fifteen pounds of pressure were obtained, a second sample of 
the kier liquor was removed to measure the pH, and successive 
samples were tested every thirty minutes. At fifteen pounds 
of pressure, the boiling point of the kier liquor was 255 
degrees Fahrenheit. 
After eight hours of kier boiling, the fabric was 
given a fifteen-minute wash at 160 degrees Fahrenheit and a 
fifteen-minute cold wash, both in the kier. When the kier was 
cooled, the lid was opened and the fabric removed to an open 
vessel where it was-given a fifteen-minute wash at 160 degrees 
Pahrenlaelt and a thirty-minute two-change cold wash. Finally, 
the 
fabric was extracted and allowed to dry in the drying 
chamber. Here again it can be noticed that the hot washes wore 
omitted because they are not practical in industry. 
ail 
The chare consisted of three percent caustic soda, 
added. 
90. 
The purpose of the Icier boil is to remove as much of 
impurities in the cotton as possible. The detergent the natural 
a•ents saponify the fatty matter and waxes, at the same time that 
they  attack the pectine matter and other impurities. 
When the fabric was dry, it was carried into the con-
dit 4 oning room and allowed to condition for forty-eight hours 
at 70 degrees Fahrenheit and 65 percent relative humidity. 
The same procedure was followed with all three lots. After  
conditioning, the weight of each lot was recorded and the 
shrinkage measured. The lots were cut into thirt7-three 
inch samples to be used in the chemicking process. The con- 
ditioned weight of these samples was recorded, and each sample 
was marked in order to determine the snrinka-e in the next 
operation. Samples of gray fabric and of each run in the 
desizing, and kier boiling operations were saved to be used 
:n the testing of the results obtained. 
The chemicking process, the main interest of this 
work, was designed in such a manner that the time of treat-
ment, the concentration of the sodium hypochlorite solution, 
and the temperature of treatment could be varied over a definite 
range. The time of treatment was fifteen, thirty, forty-five, 
seve-It--rive and ninety minutes. The concentrations 
of hypochlorite solution used were: one, two, three, four, five 
and six grans of available chlorine per liter. The temperatures 
led were: room temperature (76 degrees Fahrenheit) , twenty 
agree s Fahrenheit above room temperature ( 96 degrees Fahren- 
t) and forty degrees Fahrenheit above room temperature (116 degrees 
91. 
hei t). The l 'eriods of time selected were such that in- cn
complete bleacnincg, normal bleaching and overbleaching could 
Periods of over ninety minutes, although used 
be expected. 
in 
industry, would not be practical in all cases. ieriods 
o
f fifteen minutes, although very short, were selected because 
they were expected to give some definite information as to the 
effects of the bleaching, process over short oeriods of time. 
The concentrations of bleaching solution selected were those 
that from previous work were known to produce incomplete 
bleaching and overbleaching on the fabrics. The temperatures 
of treatment used were those that were expected to give good 
results, and not over 120 decrees Fahrenheit at which tempera-
ture it is known that the hypochlorites will decompose into 
chlorates. 
In all, one hundred and eight different sets of 
conditions were used, and the— are tabulated in Table V. 
The experiments, although independent of each other, 
were carried out in series of six to a bath. A ratio of liquor 
to fabric of fifteen to one was used, and the bleaching solu-
tion was titrated by the sodium thiosulphate method at the 
beginning of each run and every fifteen minutes to determine 
the rate of drop in available chlorine per liter. Measurements 
of the pH of the solutions were carried out at the sale time 
intervals. The samples combined in each set were those which 
required the sane concentration of hypochlorite solution and 
the same temperature, and the variable used was the time factor. 
Every fifteen minutes a sample of the material was withdrawn, 
`id, at the same time, the corresponding volume of liquor was 
92.. 
d from the bath in order to maintain the ratio of liouor 
reric've 
to material 
constant at all times. 
When the bleaching, baths to be used required room 
temperature (76 degrees Fahrenheit), the baths were prepared 
by diluting the titrated stock solution of sodium hypochlo-
rite with 
enough cold water until the required stren-rth and 
volume 
were obtained. In the case of above room temperature 
(76 
decrees Fahrenheit), the solutions were prepared by dilut- 
ing the stock solution with water of temperature sl-htly above 
that which was desired. When the right strength, volume and 
1-cmperature were obtained, the vessels were heated to maintain 
the temperature constant throu7hout the bleaching operation. 
The purpose of the chenicking treatment is to bleach 
the coloring matter left in the roods after the brier boiling 
process. The removal of the coloring matter is accomplished 
in the case of the hypochlorite bleach by the oxidation of the 
coloring substances to soluble leuco compounds which are later 
removed by washing;. After the samples had been chemicked, 
they were ti -lorourrhly washed with cold water and then submitted 
to an anti-chlor treatment with one-half percent solution of 
sodium thiosulphate for thirty minutes. Each sample was treat-
ed in an Independent fifteen to one bath, and the pH of the 
soliltion was measured at the berr,innin7, after fifteen minutes 
and after thirty minutes of treatment. After the antichior 
treatment the goods were again thoroughly washed in cold water 
and then allowed to dry in the dryinrr, chamber. 
, 	11 
93. 
Orw The antichlor treatment was riven in order to elimi- 
nate any probabilities of damage of the material by the action 
of the chlorine that may not have been removed in the washing; 
 
Iperation after bleaching. however, the antichlor treatment 
roduces a certain amount of hydrochloric acid that has to 
be removed, but which is eliminated by simple washing with 
cold water. 
After the samples were di', they were removed to the 
conditioning laboratory where they were allowed to condition 
for seventy-two hours at 70 degrees Fahrenheit and 65 percent 
relative humidity. Under normal mill practice, a period of 
twelve hours would be considered sufficient for conditioning 
small samples. However, it was thought advantareous to use 
seventy-two hours in this case because it eliminated any error 





	 II. GENERAL TESTING PROCEDURE 
In order to evaluate the results obtained with 
the different sets of bleachinq. conditions used as compared 
to the untreated material, it was necessary to conduct a 
vstenatic testing procedure. The tests performed were: loss 
in weight of the fabric, shrinkage of the fabric, change in 
texture of the fabric, change in light reflection or whiteness 
index of the fabric, change in tensile strength of the fabric 
and absorbency of the fabric. 
In all possible instances, the standard methods of 
the American Society for Testing liaterial were used. However, 
when no such standards were available, tests were used which 
could be performed with the equipment available. As a whole, 
the tests selected were those which are commonly used in in-
dustry, and all specimens were conditioned for at least forty- 
eight hours. 
The tests for loss in weight of the fabric were 
carried out by using the conditioned weight of one-yard samples. 
The samples were allowed to condition under standard conditions 
of 70 degrees Fahrenheit and 65 percent relative humidity, for 
at least fort7-eight hours. The bone-dry weights were not used 
because the size of the samples to be handled made such pro- 
cedure 
very inaccurate. Th's test was applied in all cases 
when the goods were submitted to a chemical treatment which 
Would cause a loss in weight. The weight of the ori-inal 
95. 
4 
was determined using three samples for an averare. 
*ay febr-c 
the desized product was also found using three The weight of  
give Job 	g e averae. The welrht of the scoured weighings to g 
also found b7 suing three different samples. Finally, 
fabric was 
weight 
of the bleached products was found by using only 
the 
on sample 
because in each bleaching operation the material 
e 
used 
was of less than a yard. However, each sample was weigh-
ed before and after chemicking, and fairly accurate results 
were thus obtained. 
It was important to find the loss in weight durinr 
the different operations in order to follow the manner in which 
the impurities were removed from the fabric. It also was 
necessary to know in which manner the different chemicking 
conditions affected the weight of the fabric. l'urthermore, 
it was necessary to know the loss in weight at the different 
stages of bleaching in order to correct the comparison samples 
to the same conditions. In all cases the loss in weight was 
calculated as a percentage of the weight of the samples previous 
to the operation under consideration. 
In determininr the shrinkage of the fabric, the 
standard procedure of the American Society for Testing Material 
was used. This standard calls for the narking of the fabric 
when it is laid flat on a smooth surface and all the wrinkles 
have been removed. Three distances of eirhteen inches were 
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with indelible ink in both warp and filling directions. 
Red 
The distanc
es taken were parallel to the warp or filling threads, 
inches apart, and at least six inches from the 
at lea st six 
ewes of the samples. This operation was carried out before 
the goods were submitted to the next treatment. 
After each operation, the samples were dried and then 
laid 
out on a smooth surface and pressed with a hand iron by 
simply applying the weight of the iron on the fabric. The 
samples were allowed to cool to standard conditions and then 
measilred with a ruler that gave the readings directly as per-
cent shrinkage. The average of the readings In each direction 
was used as the shrinkage of the fabric. 
This test was carried out in order to determine 
the rate of shrinkage of the goods under the different opera-
tions. The shrinkage measured was total shrinkage, that is, 
that the fabric was under no stress whatsoever all throughout 
the different treatments. This test was also necessary in 
order to correct the comparison samples to similar conditions. 
The chanqe in texture of the fabric was determined in 
accordance with the standards of the American Society for Testing 
110 
Materials. The test was conducted by counting the actual number 
of ends or picks in one inch of material at five different places 
on the fabric and the average taken. ho count was made at less 
than 
six inches from the selvages and the edges of the samples. 
Likewise, in no count were the same sets of threads used, so 
110 
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a good 
cross section of the material would be insured. 
results were given as number of ends or picks per inch. 
The change in texture in the fabric was essential 
the 
proper correction of the comparison samples to equal 
itions. 
It also could be used as a check of the results 
40e 
cliatexied in 
the test for shrinkage. That is, the number of 
ends or 
picks obtained by count should be equal to the number 
of ends 
or picks of the original sample plus the percentage of 
shrinkage of the fabric. 
The change in light reflection or whiteness index 
of the fabric 
was measured, because it is the only means 
available of measuring, instrumentally the degree of whiteness 
Obtained on the fabric. By means of a special unit, the electro-
'Native force of the light reflected through a photoelectric 
Call is recorded and compared to a standard of one hundred 
pigment light reflection. Two measurements were made usin- 
a red filter. One reading was with one hundred percent light 
reflection, and the other reading was with suppressed zero. 
The one hundred percent lic-ht reflection readin ,- nave the amount 
of white shine of the fabric. The suppressed zero reading 
gave the decree of white opacity of the fabric. Readings 
were carried out on the gray, scoured and bleached fabric. 
This test has not been standardized yet, but it has 
been found in the present study that the above procedure rave 
eatisfacto17 results. However, the measurements obtained -aye 
very close readings and in some cases it was impossible to 
distinguish between two samples. Nevertheless, it is safe to 
Consider 
such measurements as satisfactory. It also was found 
98. 
t the  instrument gave the sane readings all throughout the 
pies, and, therefore, it was considered unnecessary to use 
era readings. 
O 
The tensile strength of the fabric was measured by 
the standard method riven by the American Society for TesTesting:
111 
 1'Rterla1s as the Raveled-Strip test. This test calls for 
oles of six and a half inches in length and one and a half 
inches 
in width. These specimens are to be cut from the fabric 
-aterlal 
at least six inches from the edges of the sample to 
be tested. The specimens are raveled down from one and a half 
inches to one inch in width, taking approximately equal number 
of threads from both sides. The average of five warp and five 
filling specimens is required as a minimum. The samples are 
broken on a tensile testing machine with the jaws set at three 
The jaws used must have faces measuring one inch by 
two inches, the longer direction being perpendicular to the 
direction of application of the load. Samples breaking at 
the jaws, at the edges of the jaws, slipping, or of evident 
faulty operation, should be discarded and another specimen used 
instead. Tests were conducted on the gray, desized, scoured 
and bleached fabric. 
This test was selected because it gives more refined 
results and eliminates any fabric assistance that may be found 
in the grab method. Since the tensile strength of the material 
is one of the main points to be measured in the present work, 
111 
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was 
 necessary to use the best method suitable to the mater-
ial. By 
finding the change in tensile strength caused by 
different 
bleaching conditions, an indication of the amount 
Of 
deterioration of the goods could be obtained. 
Finally, the absorbency of the material was tested 
in order to 
determine whether the goods had been properly 
freed from impurities, especially waxes. The absorbency of 
the 
material is also a good indication of the quality of the 
each 
obtained, the product being more absorbent with a more 
iMarough bleach. 
The method used in carrying out this test is not a 
standard method, but since there is not such a standard, the 
procedure followed is simple and easy to perform. This test  
calls for samples cut from the material in disk shape over 
the cross section of the fabric and at least six inches from 
the selvages. The disks used were two inches in diameter and 
had been conditioned for over forty- i -rht hours. A vessel is 
filled with water as close to the top as possible and the 
liquid is allowed to condition to seventy degrees Fahrenheit. 
The samples were handled with tweezers in order to avoid any 
impurities from depositing on them. Five specimens per sample 
were used, and each one is placed on the surface of the water 
until it will start sinking by its own weight. The time it 
takes for the saeole to start sinking once it is placed on the 
liquid is an indication of the absorbency of the fabric. The 
average 
of all five samples will give the degree of absorbency 
of 
the material tested. This test was performed on the gray 
fabric, 
desized fabric, scoured fabric, and bleached fabric. 
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III. MATERIALS USED 
The gray cotton fabric material used in the performance 
the present study was a three-one twill made with caraed 
ins . 
The texture was 98 ends per inch by 55 picks per inch, 
• 
1.98 yards per pound and 35.5 inches wide. It had an average 
tensile 
strength of 129.8 pounds warpwise and 39.8 pounds 
fill4ncwise. There was no particular reason for selecting 
-Aphis material, except that it is used in the manufacture of 
limy uniforms and it is bleached in great Quantities. 
The water used was city supply water softened for 
textile purposes at the A. French Textile School. 
The desizing agent Lxsftze, used in the performance 
of this work, is a product of the Premier-Pabst Sales 
Santomerse 1), used as a penetrant in the desizing 
and kier boiling processes, is a product of the Monsanto 
Chemical Company. 
The caustic soda, used in the kier boils, is a product 
of the Mathieson Alkali Works, Inc. and was 98.00 percent pure. 
Likewise the neutral soap used was 99.00 percent pure soap. 
The sodium hypochlorite solution used in the chemick-
ing operations was prepared from H.T.H., a product of the 
Mathieson Alkali :-corks, Inc. This suhstance, upon testing by 
the sodium thiosulphate titration method, gave seventy-one 
Percent of available chlorine. The sodium hypochlorite solution 
as prepared by dissolving five pounds of H.T.H. in twenty gallons 
101. 
swarm 
.rm water. The mixture was stirred for five minutes 
juk  
then eight pounds of soda ash, manufactured by the same 
were added in small portions and the whole stirred 
ten 
more minutes. The solution was allowed to settle for 
hours, and then titrated to determine the amount of 
labia chlorine. This solution, used as a stock solution, 
Utrated at twenty grans of available chlorine per liter or 
,t 6two percent solution. The ph of the solution was 11.7. 
In the anticlilor operation sodium thiosulphate 
hnicall— pure was used. 
In all the titratons, sodium thiosulphate was used 
,
etcause it was considered the most suitable method. Along 
with the sodium thiosulphate in a solution of one-tenth normal, 
a thirty percent solution of potassium iodide and a fifty per-
cent solution of acetic acid were used. 
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IV. EZUIPMENT USED 
The desizing and washing operations were carried 
in 
common open vessels. These vessels, which had a 
4011E 
city 
of forty gallons, were lined with monel metal and 
rap ac 
Wed 
by means of live steam. Aowever, in order to give the 
fabric a 
more thorough working, a wringer was connected to 
phe 
vessels through which the material was circulated. 
In the kier boils an Allen Worcester Circulating 
kier was used. This icier is equipped with a centrifugal pump 
to insure better circulation of the liquor at a rump pressure 
of ten pounds. The pressure ca_,acity of the kier is thirty- 
. five pounds, but in the present runs the safety valve was 
set to fifteen pounds. The kier is also equiped with a 
super-heater unit which heats the solution in the kier as 
it is circulated by the pump, thus insuring a constant volume 
because no steam is introduced into the machine. The ratio 
of liquor to material is ten to one, and the kier has a 
capacity of twenty-five pounds. 
The pH measurements were made with the Beckman pH 
Meter Industrial model. When the solutions to be measured 
hat', low sodium ion concentrations a No. 4990 glass electrode 
was used. However, when the sodium ion concentration of the 
solution was high a No. 4990-'42, glass electrode was preferred. 
The buffer solutions used for calibrating the pH meter were 
103. 
pff 760 
and 4.0. Readings that had to be taken above 25 
jogree s centigrade were recorded with the instrument calibrat- 
is to that 
temperature and then the readings corrected to 
40mmity-five degrees centigrade. 
All the titrations were carried out using gradu-
ated burettes with readings to one-tenth of a milliliter. 
The water used in this operation was distilled water, and all 
the solutions were standardized before using, 
In the chemicking process the stock solution was 
prepared in earthware vessels. The bleaching solutions used 
were placed in double enamel boilers of six gallon capacity. 
The scales used in the weighing of the samples were 
standard double beam balances accurate to one-tenth of a gram. 
The capacity of the scales was 500 grams. 
In the marking of the specimens for the measure-
ments of the percentage of shrinkage, a standard eighteen-
inch device was used. The percentage shrinkage was read 
directly with a specially graduated ruler. 
The texture of the fabric was inspected with a 
standard one-inch pick glass. 
The light reflection or whiteness index of the 
goods was measured with the Photovolt Photoelectric Reflection 
Nter, Model 610. This instrument is equipped with a photo-
electric cell and search light placed in an independent search 
unit. In all readings the red filter was used, and the stand-
ard used to calibrate the instrument was magnesium carbonate. 
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The machine used in measuring the tensile strength 
of the 
fabric was a Scott Vertical Combination  Fabric and. Yarn 
tensile testing machine. This piece of equip- Pendulum type 
sent is in 
conformity with the requirements of the American 
Society 
for Testing Laterials. Before the machine was used, 
the laws were carefully checked to determine whether they 
 
wi
tched or not and then set exactly three inches apart. 
Likewise, the machine was calibrated against known weights 
in accordance with the method given by the American Society 
112 
for Testing T,aterials. 
As a whole, it can be stated that all the enliment 
used in all phases of this experimental work is standard 
equipment used in industry. All machines and instruments were 
carefully checked and calibrated before any tests were perform-
ed; thus eliminating any possible error that may have been 
due to faulty equipment. 
The conditions of standard humidity and temperature 
in the testing labroatory were checked every two hours. A 
record of the performance of the equipment was kept all throug,h-
out the time such laboratory was used. 
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V. EXPERIMENTS 
In order to avoid unnecessary repetition, the 
three 
different runs in desizing and trier boiling have been 
grouped under the general heading of the operation. Likewise, 
the 
experiments in chemicking have been grouped in sets of 
s ix . These sets are groups of experiments which required the 
acne concentration of hypochlorite bleaching solution and 
the sane temperature of treatment. Taus, the only variable 
in each set is the time factor. The results of each experi- 
uent, along with the results of the tests conducted are listed 
'ndividually. The antichlor treatment is given as a single 
rnr all samples. 
ii.c,SIZING. This operation was performed in three 
each of which used two percent Exsize and one-half per-
cent Santomerse 	on the weight of the fabric. A 15 to 1 bath 
was used at 145 degrees Fahrenheit for two hours. A fifteen-
minute wash at 145 degrees lAarenheit and a thirt•-minute 
tiro-change cold wash were given. 
Run No. 1. The pH change in this operation was an 
increase of 0.1 from the original pH of 6.80 to 6.90. 
The weight per yard dropped from 225.1 to 212.9 grams, 
representing 7.7 percent of size removed. 
The texture of the fabric changed from 98 to 102 
'Ids per inch, and from 55 to 61 picks per inch. 
The tensile strength of the fabric changed from 
.3 to 123 pounds warpwlse and from 89.8 to 101 pounds 
106. 
lingwise. 
The absorbency of the fabric was improved from 
1800 
seconds to 340 seconds. 
Run No. 2. The pH change in this operation was 
n 
increase of 0.1 from the original of 6.8 to 6.9. 
The weight per yard dropped from 233.1 to 212.9 grams 
Per yard, 
representinr 7.7 percent of size removed. 
The texture of the fabric changed from 98 to 102 
ends per inch and from 55 to 60 picks per inch. 
The tensile strength of the fabric changed from 229.8 
to 123 pounds warpwise and from 89.6 to 105 pounds fillinrwise . 
The absorbency of the fabric was improved from over 
0 seconds to 360 seconds. 
Run No. 3. The pH change in this operation was an 
manerease of 0.1 from the original pH of 6.8 to 6.9. 
The weight per yard dropped from 223.7 to 210.1 grams, 
representing 8.0 percent of size removed. 
The texture of the fabric changed from 98 to 103 ends 
per inch and from 55 to 62 picks per inch. 
The tensile strength of the fabric changed from 129.8 
121 pounds warpwise and from 89.8 to 101 pounds fillinrwise. 
The absorbency of the fabric was improved from over 
.seconds to 350 seconds. 
KIER BOILING. This operation was performed in three 
runs also, each of which used three percent caustic soda, three-
fourths percent neutral soap and one-half percent Santomerse 
on the weiabt of the goods. The boils were conducted for eight 
107. 
at fifteen pounds pressure and with a boiling point of  
•grees Fahrenheit. The fabric was given a fifteen-minute 
at 160 
degrees Fahrenheit and a fifteen-minute wash cold, 
in  the trier. Further washing was given in an open vessel 
tifteen minutes at 160 degrees Fahrenheit and for thirty 
' tes with two changes cold. 
t 	
Run No. 1. The PH change in this operation was a de- 
se of 0.4 from the original pj of 11.3 to 10.9. 
The weight per yard dropped from 212.9 to 197.5 grams 
4111pr yard representing a net removal of 4.6 percent impurities. 
The total warp, shrinkage was 9.8 percent and the 
filling shrinkage was 5.6 percent from the gray fabric. ILO. 
The texture of the fabric chan ged from 102 to 103 
IIIAs per inch and from 61 to 62 picks per inch. The li ght reflection as measured with the red filter 
and suppressed zero or white opacity improved from 55 to G3 
:ercent. The measurement wi h 100 percent light reflection 
white shine improved from 78 to 81 percent. 
The tensile strength of the fabric changed from 1 23 
to 126 pounds warpwise and from 101 to 108 pounds fillingwise. . 
The absorbency of the fabric was improved from 340 
to 4.9 seconds. 
Run No. 2. The pH chanae in this operation was a 
1-ease of 0.4 from the original pH of 11.4 to 11.0. 
The weiaht per yard dropped. from 213.3 to 197.9 grams 
:Taro: represent ing a net removal of 7.0 percent impurities. 
410 
	 The total warp shrinkage was 9.7 percent and the total 
108. 
filling  shrinkage was 5.5 percent from the gray fabric. 
The texture of the fabric changed from 102 to 103 
inch and from 60 to 61 picks per inch. 
ends Per 
The light reflection as measured with the red filter 
an
d suppressed zero or white opacity improved from 55 to 63 
The measurement with 100 percent light reflection or 
percent. 
white shine improved from 78 to 81 percent. 
The tensile strength of the fabric changed from 123 
126 pounds warpwlse and from 105 to 112 pounds fillingwise. 
The absorbency of the fabric was improved from 360 
seconds to 4.3 seconds. 
Run No. 3. The pH change in this operation was a 
decrease of 0.4 from the original pH of 11.4 to 11.0. 
The wei-ht per yard dropped from 210.1 to 194.9 grams 
r yard representing a net removal of 4.8 percent impurities. 
The total warp shrinkage was 9.9 percent, and the 
total filling shrinkage was 5.4 percent from the gray fabric. 
The texture of the fabric changed from 103 to 104 
ends per inch and from 62 to 63 picks per inch. 
4 
4 	 The light reflection as measured with the red filter 
and suppressed zero or white opacity improved from 55 to 63 
P$rcent. The measurement with 100 percent light reflection or 
to shine improved from 78 to 81 percent. 
The tensile strength of the fabric changed from 121 
to 124  pounds warpwise and from 101 to 108 pounds fillingwise. 
The absorbency of the fabric was improved from 3.40 
0  4.'3 seconds. 
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CHEMICKING. The concentrations used in the follow-
experiments were: one, two, three, four, five and six 
3 per 
liter. The lengths of time of treatment used were: 
teen, thirty, forty-five, sixty- , sevent--flve and ninety 
mutes. The temperatures of treatment were: seventir-six, 
nety- six, and one hundred and sixteen degrees Fahrenheit. ni  
All breaking strengths of the results obtained are 
compared to the desized breaking strength found. This break 
Imo been corrected to similar conditions of shrinkage and loss 
In weight for both warp and filling, as found in this work. 
This group of experiments was carried out with a concentration of sodium 
hypochlorite bleaching solution of one gram of chlorine available per liter. The 
temperature of treatment was seventy-six degrees Fahrenheit. The lengths of time 
of treatment varied every fifteen minutes in numerical order from fifteen to ninety 
minutes. 
Experiment No. 	 1 	2 	3 	4 	5 	6 
Total loss in pH 	 
Total grams of chlorine 
used up 	  
Net percent lost in 
chemicking 	  
Net percent warp 
shrinkage 	  
Net percent filling 
shrinkage 	  
Average ends per inch 	 
Average picks per inch 0 	 
Percent white opacity  
Percent white shine 	 
Warp tensile strength in 
pounds 	  
Percentage increase in 
warp tensile strength 	 
Percentage decrease in 
warp tensile strength 	 
Filling tensile strength 
in pounds 	  
Percentage decrease in 
filling tensile strength. 
seconds 	  
0.20 0.40 0.50 0.50 0.50 0.50 
0.3195 0.4260 0.5325 0.6390 0.7455 0.8520 
0.50 0.55 0.60 0.55 0.50 0.65 
3.90 3.80 4.00 4.00 3.90 3.80 
2.40 2.40 2.30 2.40 2.20 2.40 
107.20 107.00 107.20 107.40 107.20 107.20 
63.40 63.40 63.40 63.40 63.20 63.40 
73.00 74.00 75.00 76.00 76.00 76.00 
86.00 87.00 87.50 87.50 38.00 33.00 
124.40 123.80 121.20 119.60 117.30 113.30 
0.90 0.40 - - - - 
- - 1.70 3.00 4.50 5.30 
100.20 98.40 95.50 92.40 90.2D 88.40 




Absorbency index in  
3.72 2.34 2.90 3.46 3.22 
MUSIUMBNTAD:BRW II (Sftpertmente ? td t2) 
This group of experiments was carried out with a concentration of sodium 
hypochlorite bleaching solution of two grams of chlorine available por liter. The 
temperature of treatment was seventy-six degrees Fahrenheit. The lengths of time 
of treatment varied every fifteen minutes in numerical order from fifteen to ninety 
minutes. 
1- xperiment No. 7 8 9 10 11 12 
0.20 0.40 0.50 0.60 0.60 0.60 
0.5325 0.7155 0.8520 1.0650 1.2730 1.3845 
0.60 0.60 0.65 0.60 0.65 0.65 
3.70 3.60 3.70 3.60 3.80 4.00 
2.50 2.60 2.30 2.40 2.50 2.40 
107.00 106.80 107. .00 106.80 107.2) 107.40 
75.00 76.00 76.50 77.00 77.50 77.50 
87.00 87.50 87.50 88.00 88.50 88.50 
124.20 12L.60 118.80 116.60 116.20 114.40 
0.70 - - - - - 
- 1.40 3.60 5.40 5.80 7.20 
98.60 95.2) 93.40 90.20 87.20 85.60 
8.40 11.50 13.20 16.20 19.00 20.40 I-. 
H 
1-) 
3.94 3.50 3.36 3.38 3.44 3.28 • 
Total loss in pH 	 
Total grams of chlorine 
used up 	  
Net percent lost in 
chemicking 	  
Net percent warp 
shrinkage 	  
Net percent filling 
shrinkage 	  
Average ends per inch 	 
Percent white opacity  
Percent white shine 	 
Warp tensile strength in 
pounds 	  
Percentage increase in 
warp strength 	  
Percentage decrease in 
warp tensile strength 	 
Filling tens' le strength 
in pounds 	  
Percentage decrease in 
filling strength 	 
Absorbency index in 
seconds 	  
EXTERIMENTAL SET III (Experiments 13 to 18) 
This group of experiments was carried out with a concentration of sodium 
hypochlorite bleaching solution of three prams of chlorine available per liter. Thy 
temperature of treatment was seventy-six degrees Fahrenheit. The lengths of time 
of treatment varied every fifteen minutes in numerical order from fifteen to ninety 
minutes. 
Experiment No. 13 14 15 16 17 18 
Total loss in pH 	 0.20 0.40 0.50 0.60 0.60 0.60 
Total grams of chlorine 
used up 	  0.8520 1.1715 1.3845 1.5975 1.7040 1.8105 
Net percent lost in 
chemicking 	  0.60 0.60 0.65 0.65 0.70 0.70 
Net percent warp 
shrinkage 	  3.90 3.70 3.70 3.70 3.90 3.80 
Net percent filling 
shrinkage 	  2.30 2.40 2.40 2.40 2.4.0 2.50 
Average ends per inch 	 107.20 107.00 107.00 107.00 107.20 107.20 
Average picks per inch 	 63.40 6.40 63.40 63.40 63.40 63.60 
Percent white opacity  75.00 75.50 76.00 77.00 77.50 78.00 
Percent white shine 	 87.00 37.50 88.00 88.50 89.00 89.00 
Warp te nsiletrength in 
pounds 	 z 	 123.20 120.00 117.80 116.40 114.40 114.00 
Percentage decrease in 
warp tensile strength 	 0.10 2.00 4.50 5.60 7.20 7.50 
Filling tensile strength 
in pounds 	  99.80 96.20 93.40 90.00 86.80 84.40 
Percentage decrease in 
filling tensile strength . 	7.20 10.60 15.20 16.40 19.30 21.60 
Absorbency index in 
seconds 	  4;04 3.84 3.30 3. 40 3.62 3.22 
waseRTMFWAL BET XV Itamoriftehts. 
This group of experiments was carried out with a concentration or sodium 
hypochlorite bleaching solution of four grams of chlorine available per liter. The 
temperature of treatment was seventy-six degrees Fahrenheit. The lengths of time 
of treatment varied every fifteen minutes in numerical order from fifteen to ninety 
minutes. 
Experiment No. 19 20 21 22 23 24 
0.20 0.40 0.50 0.60 0.70 0.70 
0.8520 1.2730 1.4910 1.5975 1.7040 1.8105 
0.65 0.65 0.65 0.70 0.70 0.75 
3.30 3.60. 3.70 3.80 3.70 4.00 
2.40 2.40 2.30 2.30 2.30 2.40 
107.20 106.80 107.00 107.20 107.00 107.40 
63.40 63.40 63.40 63.40 63.40 63.40 
76.00 77.00 73.00 78.50 79.00 79.50 
33.00 83.50 89.00 89.50 90.00 90.00 
120.00 117.20 115.40 113.60 111.20 109.40 
2.70 5.00 6.40 7.90 10.60 11.30 
98.40 95.00 93.20 90.80 87.20 85.60 
3.60 11.70 1 3.40 15.60 19.00 20.40 
3.74 3.08 2.98 2.82 2.78 2.68 
Total loss in pH 	 
Total grams of chlorine 
used up   
Net percent lost in 
chemi eking 	  
Net percent warp 
shrinkage 	  
Net percent filling 
shrinkage 	  
Average ends per inch ... 
Average picks per inch .. 
Percent white opacity 
Percent white shine 	 
Warp tensile strength in 
pounds 	  
Percentage decrease in 
warp tensile strength 
Filling tensile strength 
in pounds 	  
Percentage decrease in 
filling tensile strength 	 
Absorbency index in 
seconds , 	  
EXPERIMENTAL SET V (Experiments 25 to 30) 
This group of experiments was carried out with a concentration of sodium 
hypochlorite bleaching solution of five grams of chlorine available per liter. The 
temperature of treatment was seventy-six degrees Fahrenheit. The lengths of time 
of treatment varied every fifteen minutes in numerical order fron fifteen to ninety 
minutes. 
Experiment No. 25 26 27 28 29 30 
0.2D 0.40 0.50 0.60 0.70 0.00 
1.0650 1.4910 1.7040 1.3105 1.9170 2.0235 
0.65 0.65 0.70 0.75 0.75 0.80 
3.80 3.70 3.90 3.70 3.80 3.70 
2.30 2.30 2.40 2.40 2.40 2.30 
107.20 107.00 107.20 107.00 107.20 107.90 
63.40 63.40 63.40 63.40 63.40 63.40 
77.00 77.50 78.00 78.50 79.00 80.00 
87.50 88.00 88.50 89.00 89.50 90.00 
118.60 116.40 114.20 112.40 110.40 107.80 
3.80 5.60 7.40 8.80 10.50 11.60 
94.80 90.60 86.40 82.60 80.20 76.40 
11.90 15.8P 19.70 23.20 25.50 27.10 
3.56 2.78 2.90 2.84 2.68 2.68 
Total loss in pH 	 
Total Frans of chlorine 
used up 	  
Net percent lost in 
chemicking 	  
Net percent warp 
shrinkage 	  
Net percent filling 
shrinkage 	  
Average ends per inch 	 
Average picks per inch 	 
Percent white opacity  
Percent white shine 	 
Warp tensile strength in 
pounds 	  
Percentage decrease in 
warp tensile strength 	 
Filling tensile strength 
in pounds 	  
Percentage decrease in 
filling tensile strength 	 
Absorbency index in 
seconds 	  
EXPERIMENTAL SET VI (Experiments 31 to 36) 
This group of experiments was carried out with a concentration of sodium 
hypochlorite bleaching solution of six grams of chlorine available per liter. The 
temperature of treatment was seventy-six degrees Fahrenheit. The lengths of time 
of treatment varied every fifteen minutes in numerical order from fifteen to ninety 
minutes. 
Experiment No. 31 32 33 34 35 36 
0.20 0.40 0.50 0.60 0.70 0.80 
1.2780 1.8105 2.0235 2.1300 2.2365 2.3430 
0.75 0.75 0.80 0.85 0.80 0.90 
3.90 3.90 3.70 3.90 3.70 3.80 
2.30 2.30 2.30 2.40 2.40 2.40 
107.20 107.20 107.00 107.20 107.00 107.20 
63.40 63.2D 63.40 63.40 63.40 63.40 
77.50 78.00 78.50 79.00 80.00 79.00 
116.30 113.40 110.20 107.40 104.60 101.20 
5.30 8.00 10.60 12.90 15.20 17.90 
91.80 88.60 85.40 82.40 30.00 77.20 
14.70 17.70 20.60 23.40 25.70 23.30 
3.16 2.78 2.34 2.74 2.59 2.62 
Total loss in pH 	 
Total grams of chlorine 
used up 	  
Net percent lost in 
chemicking 	  
Net percent warp shrinkage 
Net percent filling 
shrinkage 	  
Average ends per inch 	 
Average picks per inch 	 
Percent white opacity  
Warp tensile strength in 
pounds 	  
Percentage decrease in 
warp tensile strength 	 
Pilling tensile strength 
in pounds 	  
Percentage decrease in 
	
filling tensile strength 	 
Absorbency index in 
seconds 	  
EXPERIMENTAL SET VII (Experiments 37 to 42) 
This group of experiments was carried out with a concentration of sodium 
hypochlorite bleaching solution of one gram of chlorine available per liter. The 
temperature of treatment was ninety-six degrees Fahrenheit. The lengths of time of 
treatment varied every fifteen minutes in numerical order from fifteen to ninety 
minutes. 
Experiment No. 	 37 	38 	39 	40 	41 	42 
Total loss in pH 	 
Total grams of chlorine 
used up 	  
Net percent lost in 
chemicking 	  
Net percent warp 
shrinkage 	  
Net percent filling 
shrinkage 	  
Average ends per inch 	 
Average picks per inch 	 
Percent white opacity  
Percent white shine 	 
Warp tensile strength in 
pounds 	  
Percentage decrease In 
warp tensile strength 	 
Filling tensile strength 
in pounds 	  
Percentage decrease in 
filling tensile strength 	 
Absorbency index in 
seconds 	  
. 
0.30 0.50 0.70 0.80 0.20 0.80 
0.6390 0.8620 0.9585 1.0650 1.1715 1.2780 
0.60 0.65  0.60 0.60 0.65 0.65 
3.90 3.80 3.80 3.90 4.00 3.80 
2.40 2.40 2.40 2.20 2.40 2.60 
107.20 107.00 107.20 107.2D 107.40 107.20 
63.40 63.40 63.40 63.2) 63.40 63.60 
74.00 74.50 75.00 76.00 76.50 77.00 
88.00 88.50 09.00 89.00 39.50 90.00 
113.20 110.40 106.20 102.40 99.60 96.40 
8.20 10.50 13.90 17.00 19.20 21.80 
91.40 87.60 85.40 83.20 80.20 78.40 
15.10 18.60 20.60 22.70 25.50 27.10 
H 
3.12 2.70 2.44 2.36 1.98 1.96 i-,  (D 
. 
EXPERIMENTAL SET VIII (Experiments 43 to 48) 
This group of experiments was carried out with a concentration of sodium 
hydrochlorite bleaching solution of two grams of chlorine available per liter. The 
temperature of treatment was ninety-six degrees Fahrenheit. The lengths of time 
of treatment varied every fifteen minutes in numerical order from fifteen to ninety 
minutes. 
Lxperiment No.  
Total loss In pH 	 
Total grams of chlorine 
used up 	  
Net percent lost in 
chemicking 	  
Net percent warp 
shrinkage 	  
Net percent filling 
shrinkage 	  
Average ends per inch 	 
Average picks per inch 	 
Percent white opacity  
Percent white shine 	 
Warp tensile strength in 
pounds 	  
Percentage decrease in 
warp tensile strength 	 
Filling to 	strength 
in pounds 	  
Percentage decrease in 
	
filling tensile strength 	 
Absorbency index in 
seconds 	  
43 44 45 46 47 48 
0.30 0.50 0.70 0.80 0.80 0.80 
0.9505 1.2780 1.4910 1.5975 1.7040 1.8105 
0.60 0.65 0.65 0.65 0.65 0.70 
4.00 3.70 3.90 3.90 3.80 3.90 
2.30 2.20 2.30 2.30 2.30 2.40 
107.40 107.00 107.20 107.2D 107.20 107.20 
63.40 63.20 63.40 63.40 63.40 63.40 
75.50 76.50 77.00 77.50 78.00 78.50 
88.50 89.00 89.50 89.50 90.00 90Z0 
112.20 109.60 105.40 100.20 97.40 95.20 
9.00 11.10 14.50 13.70 21.00 22.80 
90.20 85.80 31.20 77.40 75.20 71.60 
16.20 20.30 24.50 28.10 30.10 33.50 
2.32 1.02 2.04 1.98 1.68 1.68 
EXPERIMENTAL SET IX (Experiments 40 to 54 ) 
This group of experiments was carried out with a concentration of sodium 
hypochlorite bleaching solution of three grams of chlorine available per liter. The 
temperature of treatment was ninety-six de rees Fahrenheit. The lengths of time 
of treatment varied every fifteen minutes in numerical order from fifteen to ninety 
minutes. 
Experiment No. 49 50 51 52 53 54 
0.50 0.70 0.80 0.90 0.90 
1.5975 1.8105 1.9170 2.0235 2.1300 
0.65 0.65 0. 70 0.70 0.70 
3.70 3.60 3.70 3.70 3.80 
2.30 2.40 2.30 2.40 2.30 
107.00 106.20 107.00 107.00 107.20 
63.40 63.40 63.20 63.20 63.40 
76.50 77.00 77.50 78.00 78.00 
89.00 89.50 90.00 90.50 91.00 
105.60 101.40 99.20 97.00 94.60 
14.40 17.80 19.50 21.30 23.30 
83.80 80.20 77.40 74.20 70.20 
22.10 25.50 29.10 31.00 34.80 
1.32 1.03 1.64 1.84 1.76 
Total loss in Ph 	 
Total grans of chlorine 
used up 	  
Net percent lost in 
chemicking 	  
Net percentage warp 
shrinkage 	  
Net percent filling 
shrinkage 	  
Average ends per inch 	 
Average picks per inch 	 
Percent white opacity  
Percent white shine 	 
Warp tensile strength in 
pounds 	 .... 
Percentage decrease in 
warp tensile strength ... 
Filling tensile strength 
in pounds   	88.60 
Percentage decrease in 
filling tensile strength 	 
Absorbency index in 














EXPERIMENTAL SET X (Experiments 55 to 60) 
This group of experiments was carried out with a concentration of sodium 
hypochlorite bleaching solution of four grams of-chlorine available per liter. The 
temperature of treatment was ninety-six degrees Fahrenheit. The lengths of time 
of treatment varied every fifteen minutes in numerical order from fifteen to ninety 
minutes. 
Experiment No. 55 56 57 58 59 60 
0.30 0.50 0.70 0.80 0.90 0.90 
1.4910 1.8105 2.0235 2.1300 2.2365 2.3430 
0.65 0.65 0.70 0.70 0.75 0.80 
. 
3.80 3.90 4.00 3.70 3.90 4.00 
2.40 2.40 2.30 2.30 2.30 2.50 
107.2D 107.2D 107.40 10'7.00 107.20 107.40 
63.40 63.40 63.40 63.40 63.40 63.60 
76.00 77.00 78.00 79.00 79.50 80.00 
89.00 89.50 89.50 90.00 90.50 91.00 
104.20 100.40 97.20 94.20 91.40 89.20 
15.50 18.60 21.20 23.60 25.90 27.70 
86.40 82.20 76.80 72.60 60.60 68.40 
19.70 23.60 28.60 32.50 35.30 36.40 
2.30 2.12 2.00 1.86 1.76 1.66 
Total loss in pH 	 
Total grams of chlorine 
used up 	  
Net percent lost in 
chemicking 	  
Net percent warp 
shrinkage 	  
Net percent filling 
shrinkage 	  
Average ends per inch 	 
Average picks per inch 	 
Percent white opacity  
Percent white shine 	 
tarp tensile strength in 
pounds 	  
Percentage decrease in 
warp tensile strength 	 
Filling tensile strength 
in pounds 	P 	  
Percentage decrease in 
	
filling tensile strength 	 
Absorbency index in 
seconds 	  
EXPERIMENTAL SET XI (Experiments 61 to 66) 
This group of experiments was carried out with a concentration of sodium 
hypochlorite bleaching solution of five grams of chlorine available per liter. The 
temperature of treatment was ninety-six degrees Fahrenheit. The lengths of time 
of treatment varied every fifteen minutes in numerical order from fifteen to ninety 
minutes. 
Experiment Po. 
Total loss in pH 	 
Total grams of chlorine 
used up 	  
Net percent lost in 
chemicking 	  
Net percent warp 
shrinkage 	  
Net percent filling 
shrinkage 	  
Average ends per inch 	 
Average picks per inch 	 
Percent white opacity  
Percent white shine 	 
Warp tensile strength in 
pounds 	  
Percentage decrease in 
warp tensile strength 	 
Filling tensile strength 
in pounds  	 84.40 
Percentage decrease in 
filling tensile strength 	 
Absorbency index in 















62 63 64 65 66 
0.50 0.70 0.80 0.90 1.00 
2.2365 2.4495 2.5560 2.6625 2.7690 
0.75 0.70 0.30 0.85 0.85 
3.70 3.70 3.70 3.70 3.70 
2.50 2.30 2.20 2.30 2.40 
107.00 107.00 107.00 107.00 107.00 
63.40 63.40 63.20 63.40 63.40 
77.50 77.00 79.00 00.00 80.50 
39.50 90.00 89.50 90.50 90.50 
97.20 93.40 89.20 86.40 34.20 
21.20 24.20 27.70 29.90 31.70 
30.00 76.20 74.20 71.00 63.20 
24.90 29.20 31.00 34.00 36.40 
2.36 2.26 2.28 2.38 1.00 
IMPERXDOCNTAL 	X117(ThimmriliontW - 67 to 72) 
This group of experiments was carried out with a concentration of sodium 
hypochlorite bleaching solution of six grams of chlorine available per liter. The 
temperature of treatment was ninety-six degrees Fahrenheit. The lengths of time 
of treatment varied every fifteen minutes in numerical 
minutes. 
Lxperiment No. 	 67 	68 	69 
order from fifteen to ninety 
70 	71 	72 
Total loss in pH 	 0.30 0.50 0.70 0.80 0.90 1.00 
Total 	grams of chlorine 
used up 	  2.3430 2.6625 2.8755 2.9820 3.0885 3.1950 
Net percent lost in 
chemicking 	  0.75 0.80 0.85 0.85 0.90 0.95 
Net percent warp 
shrinkage 	  3.90 3.70 3.80 3.70 3.80 4.00 
Net percent filling 
shrinkage 	 . 2.40 2.40 2.30 2.30 2.40 2.40 
Average ends per inch ... 107.2D 107.00 107.20 107.00 107.20 107.40 
Average picks per inch .. 63.40 63.20 63.40 63.40 63.40 63.60 
Percent white opacity ... 78.00 78.00 79.00 80.00 30.00 79.50 
Percent white shine 	 89.00 89.50 90.00 90.00 90.50 90.00 
Warp tensile strength in 
pounds 	  99.60 95.20 91.00 00.60 85.20 83.40 
Percentarse decrease in 
warp tensile strength 	 19.20 22.80 25.50 28.10 30.90 32.40 
Filling tensile strength 
in pounds 	  81.00 78.80 75.20 71.80 63.20 66.40 
Percentage decrease in 
filling tensile strength. 24.70 26.80 30.10 33.30 36.60 38.30 
Absorbency index in 
seconds 	  2.78 2.44 2.14 1.06 1.76 1.72 
H 
EXPERIMENTAL SET XIII (Experiments 73 to 78) 
This group of experiments was carried out with a concentration of sodium 
hypochlorite bleaching solution of one gran of chlorine available per liter. The 
temperature of treatment was one hundred and sixteen degrees Fahrenheit. The 
lengths of time of treatment varied every fifteen minutes in numerical order fror 
fifteen to ninety minutes. 
Experiment No. 73 74 75. 76 77 78 
0.30 0.60 0.80 0.90 0.90 0.00 
0.7455 0.9585 1.0650 1.1715 1.2780 1.3845 
0.65 0.65 0.65 0.70 0.70 0.75 
3.70 3.90 3.30 3.70 3.90 3.90 
2.30 2.40 2.30 2.30 2.40 2.20 
107.00 107.20 107.20 107.00 107.20 107.20 
63.40 63.40 63.40 63.40 63.40 63.20 
75.00 75.50 76.00 77.00 77.50 77.50 
88.00 89.00 89.50 90.00 90.50 91.00 
102.20 100.40 97.20 94.40 90.00 87.20 
17.10 18.60 21.20 23.40 27.00 29.30 
85.20 83.40 79.20 77.40 74.60 71.80 
20.82 22.50 26.40 28.10 30.70 33.30 
2.46 2.26 1.76 1.54 1.40 1.22 
Total loss in pH 	 
Total grans of chlorine 
used up 	  
Net percent lost in 
chemicking 	  
Net percent warp 
shrinkage 	  
Net percent filling 
shrinkage 	  
Average ends per inch 	 
Average picks per inch 	 
Percent white opacity  
Percent white shine 	 
Warp tensile strength in 
pounds 	4, 	  
Percentage decrease in 
warp tensile strength 	 
Filling tensile strength 
in pounds 	  
Percentage decrease in 
filling tensile strength 	 
Absorbency index in 
seconds 	  
EXPERIMENTAL SET XIV (Experiments 79 to 84) 
This group of experiments was carried out with a concentration of sodium 
hypochlorite bleaching solution of two grans of chlorine available per liter. The 
temperature of treatment was one hundred and sixteen degrees Fahrenheit. The lengths 
of time of treatment varied every fifteen minutes in numerical order from fifteen 
to ninety minutes. 
Lxlperiment No. 79 80 81 82 83 84 
0.33 0.60 0.80 0.90 0.90 0.90 
1.0650 1.2780 1.4910 1.7040 1.8105 1.9170 
0.65 0.70 0.75 0.75 0.80 0.85 
3.70 3.70 3.80 3.90 3.70 4.00 
2.50 2.40 2.40 2.40 2.50 2.30 
107.00 107.00 107.20 107.39 107.00 107.40 
63.60 63.40 63.40 63.40 63.60 63.40 
76.00 77.00 77.00 77.50 78.00 78.50 
89.00 89.50 90.00 90.50 89.50 90.00 
99.40 95.60 88.20 85.40 82.60 79.20 
19.40 22.50 28.50 30.70 33.00 35.00 
83.80 80.60 77.20 74.60 71.20 68.80 
22.10 25.00 20.30 30.70 33.80 36.10 
2.14 1.84 1.70 1.36 1.28 1.82 
Total loss in pH 	 
Total grams of chlorine 
used up 	  
Let percent lost in 
chemicking 	  
Net percent warp 
shrinkage 	  
Net percent filling 
shrinkage 	  
Average ends per inch 	 
Average picks per inch 	 
Percent white opacity  
Percent white shine 	 
viarp tensile strenrth in 
pounds 	  
Percentage decrease in 
warp tensile strength 	 
Filling tensile strength 
in pounds 	  
Percentage decrease in 
filling tensile strength 	 
Absorbency index in 
seconds 	  
10UMRTMENTAL SET XV Obcperimonte 85 to 90f 
This group of experiments was carried out with a concentration of sodium 
hypochlorite bleaching solution of three grams of chlorine available per liter. The 
temperature of treatment was one hundred and sixteen degrees Fahrenheit. The lenc -ths 
of time of treatment varied every fifteen minutes in numerical order from fifteen 
to ninety minutes. 
-1,'x_eriment ro. 85 86 87 88 89 90 
Total loss in pH 	 0.3D 0.60 0.80 0.90 1.00 1.00 
Total grams of chlorine 
used up 	  1.4910 1.9105 1.9170 2.0235 2.1300 2.2365 
Net percent lost in 
chemicking 	  0.75 0.75 0.80 0.85 0.85 0.90 
Net percent warp 
shrinkage 	  3.30 3.70 3.70 3.70 4.00 3.80 
Net percent filling, 
shrinkage 	  2.20 2.30 2.30 2.40 2.50 2.40 
Average ends per inch 	 107.00 107.00 107.00 107.00 107.40 107.20 
Average picks per inch 63.20 63.40 63.40 63.40 63.60 63.40 
Percent white opacity 	 77.00 77.50 77.50 78.50 79.00 79.50 
Percent white shine  
warp tensile strength in 













Percentage decrease in 
warp tensile strength 	 22.00 26.50 31.50 33.50 35.00 36.40 
Filling tensile strength 
in pounds 	  82.60 80.20 77.40 74.20 72.60 70.20 
Percentage decrease in 
filling tensile strength. 23.10 25.50 28.10 31.00 32.50 34.30 
Absorbency index in 
seconds 	  1.52 1.40 1.06 1.04 0.90 0.96 
EXPERIMENTAL SET XVI (Experiments 91 to 96) 
This group of experiments was carried out with a concentration of sodium 
hypochlorite bleaching solution of four grams of chlorine available per liter. The 
temperature of treatment was one hundred and sixteen degrees Isihrenheit. The lengths 
of time of treatment varied every fifteen minutes in numerical order from fifteen 
to ninety minutes. 
Experiment No. 91 92 93 94 95 96 
0.a) 0.60 0.80 0.90 1.00 1.00 
1.5975 1.9170 2.1300 2.2365 2.3430 2.4495 
0.75 0.80 0.85 0.90 0.95 1.00 
3.70 3.60 3.80 3.90 3.70 3.90 
2.40 2.20 2.60 2.20 2.40 2.40 
107.00 106.80 107.20 107.23 107.00 107.20 
63.40 63.20 63.60 63.20 63.40 63.40 
77.50 78.00 78.00 79.00 80.00 80.50 
88.00 89.00 90.00 90.50 91.00 91.00 
94.60 89.20 84.60 80.20 76.60 72.40 
23.30 27.70 31.40 37.00 37.90 41.30 
84.40 81.20 73.60 75.40 73.40 67.30 
21.60 24.50 27.00 29.10 31.80 37.50 H 




Total loss in pH 	 
Total grams of chlorine 
used up 	  
Net percent, lost in 
chemicking 	  
Net percent warp 
shrinkage 	  
Net percent filling 
shrinkage 	  
Average ends per inch 	 
Average picks per inch 	 
Percent white opacity  
Percent white shine 	 
Warp tensile strength in 
pounds 	  
Percentage decrease in 
warp tensile strength 	 
Filling tensile strength 
in pounds 	  
Percentage decrease in 
filling tensile strength 	 
Absorbency index in 
seconds 	  
This group of experiments was carried out w!L 
hypochlorite bleaching solution of five grams of chlorine ovaLlable ier liter. lie 
temperature of treatment was one hundred and sixteen de7rees ?ahrenheit. The lenr,ths 
of time of treatment varied every fifteen minutes in numerical order from fifteen to 
ninety minutes. 
Lxperiment 	No. 	 97 	98 	99 	100 	101 	102 
Total loss in pH 	 0.30 0.60 0.80 0.90 1.00 1.10 
Total grams of chorine 
used up 	  2.0235 2.4495 2.5560 2.6625 2.7690 2.8755 
Net percent lost in 
chemicking 	  0.75 0.70 0.85 0.90 0.95 1.00 
Net percent warp 
shrinkage 	  3.30 3.30 3.30 3.90 3.70 3.70 
Net percent filling 
shrinkage 	  L 2.30 2.30 2.30 2.40 2.30 2.50 
Average ends ner Inch 	 107.20 107.20 107.20 107.20 107.00 107.00 
Average picks per inch 	 63.40 63.40 63.40 63.40 63.40 63.60 
Percent white opacity  77.50 78.00 78.50 30.00 80.50 80.50 
Percent white shine 	 
viarp tensile stren gth in 













Percentage decrease in 
warp tensile strength 	 25.10 29.00 33.20 36.10 40.50 44.70 
Filling tensile strength 
in pounds 	  80.20 75.60 72.80 68.20 64.40 63.50 
Percentage decrease in 
filling tensile strength. 25.50 29.70 32.30 36.60 40.20 40.70 
Absorbency index in 
seconds 	  1.60 1.52 1.26 1.12 0.94 0.90 
This group of experiments was carried out with a concentration of sodium 
hypochlorite bleaching solution of six grams of chlorine available per liter. The 
temperature of treatment was one hundred and sixteen degrees Fahrenheit. The lengths 
of time of treatment varied every fifteen minutes in numerical order from fifteen 
to ninety minutes. 
LxLeriment No. 103 104 105 106 107 108 
0.30 0.60 0.80 1.00 1.10 1.20 
2.5560 2.8755 3.0885 3.1950 3.015 3.4080 
0.80 0.85 0.95 0.95 1.00 1.10 
3.70 3.80 3.80 3.70 3.90 3.90 
2.50 2.20 2.40 2.40 2.30 2.40 
107.00 107.20 107.20 1 07.00 107.20 107.20 
63.60 63.20 63.40 63.40 63.40 63.40 
78.50 78.00 79.00 79.50 79.50 80.50 
90.00 90.00 90.50 90.50 91.00 91.00 
90.80 85.40 81.40 77.60 74.2D 69. 40 
26.40 30.70 34.00 37.10 39.80 43.70 
77.2D 74.20 68.60 66.20 64.60 62.80 
23.30 31.00 36.20 38.50 40.00 41.60 
H 
1.48 1.32 1.10 0.94 0.80 0.88 \.) 
Total loss in pH .. ...... 
Total. Frans of chlorine 
used up 	 .. 
Net percent lost in 
chemicking 	  
Net percent warp 
shrinkage 	  
Net percent filling 
shrinkage 	 .... 
Average ends , per inch ... 
Average picks per inch .• 
Percent white opacity ... 
Percent white shine 	 
Warp tensile strength in 
pounds 	  
Percentage decrease in 
warp tensile strength 	 
Filling tensile strength 
in pounds 	  
Percentage decrease in 
filling tensile strength 	 
Absorbency index in 
seconds 	  
SECTION III 
TABLES AND GRAPHS 
1°' 
pH Readings in 1)esizing aid Total increase in p11, 
for Each Run. 
Average Results. 	pH 7.0 at 25°C. 
Sample Run No. I Run No. 2 Run No. 3 Average  
Original 6.80 6.30 6.80 6.800 
15 min. 6.80 6.30 6.80 6.800 
30 min. 6.80 6.80 6.80 6.000 
45 min. 6.80 6.80 6.80 6.800 
60 min. 6.35 6.80 6.80 6.816 
75 min. 6.85 6.85 6.85 6.850 
90 min. 6.90 6.85 6.05 6.867 
105 min. 6.90 6.90 6.85 6.880 
120 min. 6.90 6.90 6.90 6.900 
Total Increase 0.10 0.10 0.10 0.100 
ail 
12 9 . 
pH Readings in Kier Boiling and Total Loss in PA Table II: for teach Run. 
sarrinle 
Average Results. 	pH 7.0 
Run No. I 	Run Ho. 2 
at 2500. 
Run No. 3 Average_ 
Original 11.3  11.4 11.4 11.367 
At Pressure 11.3 11.4 11.4 11.367 
30 min. 11.3 11.4 11.4 11.367 
1.0 hour 11.3 11.4 11.4 11.367 
1.5 hours 11.3 11.4 11.4 11.367 
2.0 hours 11 .3 11.4 1 1 .4 11.367 
2.5 hours 11.3 11.4 11.4 11.367 
3.0 hours 11.3 11 .4 11.4 11.367 
3.5 hours 11.3 11.4 11.4 11.367 
4.0 hours 11.3 11.4 11.4 11.367 
4.5 hours 11.3 11.4 11.4 11.367 
5.0 hours 1 1.3 11.4 12.4 11.367 
5.5 hours 11.3 11.4 1 1 .4 11.367 
6.0 hours 11.3 11.3 11.4  11.333 
6.5 hours 11.2 11.2 11.3 11 .233 
7.0 hours 11.1 11.2 11.2 11.167 
7.5 hours 11.0 11.1 1 1 .1 11.067 
8.0 hours 10.9 11.0 11.0 10.967 
Total Loss 0.4 0.4 0.4 0.400 
130 . 
III: Percentage Shrinkage from Gray to Scoured Fabric. 
Filling 
Av. 1 2 3 Av. 
9.8 5.5 5.6 5.7 5.6 
9.7 5.4 5.4 6.7 5.5 







9.7 9.8 9.9 
9.5 9.8 9.8 
9.9 10.0 9.8 
average 
0. Table IV: Loss in Weight from Gray to Desized and Scoured 
Fabric Per Yard of Material in Grams. 
Run No. Weight 	Desized Scoured Net Gross 
in Grams Weight Weight 'Per- Percent 







1 225.1 212.9 197.5 7.7 12.3 4.6 
2 235.1 213.3 197.9 7.2 14•8 7.0 
3 223.7 21C.1 194.9 3.0 12.8 4.8 
..."......-.1%.,11111•••■••••••••■•■■•■•• 
. - erage 227.9 212.0 196.8 7.8 13.6 5.8 
131. 
Tabulation of Conditions Used in Each Chemickin7, 
Test. 
periment Tio. 	Time in 	Concentrations Temperature in Ex  Yinutes in 7ms. Cl/lit. def7rees F.  
1 15 1 76 
0 30 1 76 
3 45 1 76 
4 60 1 76 
5 75 1 76 
6 90 1 76 
7 15 2 76 
8 30 2 76 
9 45 2 76 
10 60 2 76 
11 75 2 76 
12 90 2 76 
13 15 3 76 
14 30 3 76 
15 45 3 76 
16 60 3 76 
17 75 3 76 
10 90 3 76 
19 15 4 76 
20 30 4 76 
21 45 4 76 
22 60 4 76 
23 75 4 76 
24 90 4 76 
25 15 5 76 
26 30 5 76 
27 45 5 76 
28 60 5 76 
29 75 5 76 
30 90 5 76 
31 15 6 76 
32 30 6 76 
33 45 6 76 
34 60 6 76 
35 75 6 76 






periment No. Time in 
Minutes 
Concentrations Temperature in 





































15 1 96 
30 1 96 
45 1 96 













45 2 96 
60 2 96 
75 2 96 
90 2 96 
15 3 96 
30 3 96 
45 3 96 
60 3 96 
75 3 96 
90 3 96 
15 4 96 
30 4 96 
45 4 96 
60 96 
75 4 96 
90 4 96 
15 5 96 
30 5 96 
45 96 
60 5 96 
75 5 96 
90 5 96 
15 6 96 
30 A 96 
45 6 96 
60 6 96 
75 6 96 
90 6 96 
Concentrations 	Temperature 







































erinent No. Time in • 
Minutes 
73 15 1 
74 30 1 
75 45 1 
76 60 1 1 
77 75 
78 90 1 
79 13 2 
80 30 
2 
81 45 2 
82 60 2 







86 30 3 
87 45 3 
88 60 3 
89 75 3 
90 90 3 
91 15 4 
92 30 A 
93 45 4 
94 60 4 
95 75 4 
96 90 4 
97 15 5 
98 30 5 
99 45 5 
100' . 60 5 







104 30 6 
105 45 6 
106 60 6 
107 75 6 
108 90 6 
411■■■••••■■••••■• 
134. 
vl. pH Readings in Chemicking and Total Loss in pH for 
Bach Experiment. pH 7.0 at 25° C. 


































1 10.0 9.8 - - 
- 


































6 10.0 9.8 9.6 - 
9.5 9.5 9.5 9.5 
- 
0.5 






8 10.1 9.9 9.7 
- - 
0.4 
g 10.1 9.9 9.7 9.6 - 0.5 
10 10.1 9.9 9.7 9.6 9.5 - - - 
0.6 
11 10.1 9.9 9.7 9.6 9.5 9.5 0.6 
12 10.1 9.9 9.7 9.6 9.5 9.5 9.5 0.6 
13 10.2 10.0 - - - - 0.2 
14 10.2 10.0 9.8 - - - - 0.4 
15 10.2 10.0 9.8 9.7 - - - 0.5 
16 10.2 10.0 9.8 9.7 9.6 - - 0.6 
17 10.2 10.0 9.8 9.7 9.6 9.6 - 0.6 
18 10.2 10.0 9.3 0.7 9.6 9.6 9.6 0.6 
19 10.3 10.1 - - - - - 0.2 
20 10.3 10.1 9.9 - - - - 0.4 
21 10.3 10.2 9.9 9.8 - - - 0.5 
22 10.3 10.1 9.9 9.3 9.7 - - 0.6 
23 10.3 10.1 9.9 9.8 9.7 9.6 - 0.7 
24 10.3 10.1 9.9 9.8 9.7 9.6 9.6 0.7 
25 10.4 10.2 - - - - - 0.2 
26 10.4 10.2 10.0 - - - - 0.4 
27 10.4 10.2 10.0 9.9 - - - 0.5 
23 10.4 10.2 10.0 9.9 9.8 - - 0.6 
29 10.4 10.2 10.0 9.9 9.3 9.7 - 0.7 
30 10.4 10.2 10.0 9.9 9.8 9.7 9.6 0.8 
31 10.5 10.3 - - - - 0.2 
32 10.5 10.3 10.1 - - - - 0.4 
33 10.5 10.3 10.1 10.0 - - - 0.5 
34 10.5 10.3 10.1 10.0 9.9 - - 0.6 
35 10.5 10.3 10.1 10.0 9.9 9.8 - 0.7 














































































































































































































































































































































































































































































































- 0.6 - 
- 
9.1 	_ 	
- 	0.8 _ 
- 0.9 
9.1 9.1 - 	0.9 
9.1 	9.1 	9.1 0.9 
- - - 	0.3 
- 
-
0 - - .6  
9.2 	- 	









- 0.3- - 
-
0.6 - - 
- - 	0.8  
9.3 	- 	- 0.9 
9.3 9.2 - 1.0 
9.3 	9.2 	9.2 	1.0 
- - - 0.3 
_  
- 	- 	- 	0.6  
9.4 	- 	- 	
0.8 - - 
0.9 
9.4 9.3 - 1.0 
9.4 	9.3 	9.3 	1.0 
- - _ 
- 0.6 - 
- - 	- 	0.8 
9.5 	- - 0.9 
9.5 9.4 1.0 
9.5 	9.4 	9.3  1.1 



























9.5 	- 	- 	1.0 
9.5 9.4 - 1.1 
9.5 	9.4 	9.3 	1.2 
_ 	 . 
137. 
ble VII: 
Titration of Sodium Hypochlorite Solutions with Sodium 




























































4 1.40 1.25 1 .20 1.15 1.10 - - 0.30 
5 1 .40 1.25 1.20 1.15 1.10 1.05 - 0.35 
6 1.40 1.25 1.20 1.15 1.10 1.05 1.00 0.40 
7 2.80 2.55 - - - _ 
- - 0.25 
3 2.80 2.55 2.45 
- - - 0.35 
9 2.90 2.55 2.45 2.40 - - - 0.40 
10 2.80 2.55 2.45 2.40 2.30 - - 0.50 
11 2.80 2.55 2.45 2.40 2.30 2.20 - 0.60 
12 2.80 2.55 2.45 2.40 2.30 2.20 2.15 0.65 
13 4.20 5.80 - - - - - 0.40 
14 4.20 3.00 3.65 - - - - 0.55 
15 4.20 3.80 3.65 3.55 - - - 0.65 
16 4.20 3.80 3.65 3.55 3.45 - - 0.75 
17 4.20 3.80 3.65 3.55 3.45 3.40 - 0.80 
18 4.20 3.80 3.65 3.55 3.45 3.40 3.35 0.85 
19 5.60 5.20 - - - - - 0.40 
20 5.60 5.20 5.00 - - - - 0.60 
21 5.60 5.20 5.00 4.90 - - - 0.70 
22 5.60 5.20 5.00 4.90 4.85 - - 0.75 
23 5.60 5.20 5.00 4.90 4.85 4.80 0.80 I
II
I 
24 5.60 5.20 5.00 4.:,0 4.85 4.80 4.75 0.85 
25 7.00 6.50 - - - - 0.50 
26 7.00 6.50 6.30 - - - - 0.70 
27 7.00 6.50 6.30 6.20 - - - 0.00 
23 7.00 6.50 6.30 6.20 6.15 - - 0.85 
29 7 .00 6.50 6.30 6.20 6.15 6.10 - 0.90 
30 7.00 6.50 6.30 6.20 6.15 6.10 6.05 0.95 
31 8.45 7.85 - - - - - 0.60 
32 8.45 7.35 7.60 - - - - 0.85 
33 3.45 7.85 7.60 7.50 - - - 0.95 
34 8.45 7.35 7.60 7.50 7.45 - - 1.00 
35 8.45 7.85 7.60 7.50 7.45 7.40 - 1.05 
36 8.45 7.85 7.60 7.50 7.45 7.40 7.35 1.10 
Cont. 
138. 






















Orig- 	15 	30 
anal min. min. 
San- 	Sam- Sam- 
ple ple 	pie 
	
37 	1.40 	
1.10 	- 	_ 
38 1.40 
1.10 1.00 - 	
- 	
0.30 _ 	_ 	- 
39 	1.40 	
1.10 	1.00 	0.95 
- _ - 	0.40 
40 1.40 




.10 	1.00 	0.95 0.90 	0.35 
- - 	
0.45 
43 	2.80 	2.35 	
- 	
0.90 0.85 	0.30 0.60 
- 0.55 
42 1.40 1.10 
1.00 0.05 
44 2.80 2.35 2.20 
- 	- 	- - 	0.45 
- - - 	- 0.60 
45 	2.80 	2.35 	2.20 	
2. 1 0 - - - 	0.70 
46 2.80 2.35 2.20 2.10 	2.05 
47 	2.80 	2.35 	2.20 	2.10 2.05 
	
- 	- 0.75 
2 
43 2.80 2.35 2.20 2.10 
.00 - 	0.30 
2.05 
49 	4.20 	3.60 	
2.00 	1.9 5 0.85 
- - 	- 	- - 	0.60 
50 4.20 3.60 3.45 - - - 	- 
0.75 
51 	4.20 	3.60 	3.45 	3.35 
52 4.20 3.60 3.45 3.35 	
- 	- - 	0.35 
54 	4.20 	3.60 	3.45 	3.35 	
3.30 	3.25 	- 0.95 53 4.20 3.60 3.45 3.35 
3.30 - - 0.90 
. 
56 	5.60 	4.90 	4.75 
- - 	 .-- 
3 25 3.20 	1.00 
55 5.60 4.90 - - 0.70 
3.30 , ,.. r. 
- - 	- 	- 	0.85 
57 5.60 4.90 4.75 	4.65 
58 	5.60 	4.90 	4.r75 4.65 	4.60 	- 	- 	1.00 
- - - 0.95 
59 5.60 4.90 4.75 	4.65  4.60 4.55 - 1.05 
60 	5.60 	4.90 	4.75 4.65  4.60 	4.55 	4.50 	1.10 
61 7.00 6.10 
63 	7.00 	6.10 	5.95 	
- 	- 	- 62 7.00 6. 1 0 5.95 - 1.05 
- - - - - 0.90 
64 7.00 6.10 
5.85 	- - 
65 	7.00 	





6.10 	'', q5 	5.85 _.... 
	- 	- 1.20 
8.45 	
5.35 	5.80 	5.75 
67 	
6.10 5.95 













7 .10 - 
70 	
7.35 	7.20 	




7.35 7.20 7.10 	
- - 1.35 
8.45 




	 - 	1.40 





































1.05 	0.95 	0.90 





1.40 	1.05 	- 
74 1.40 
1.05 0.95 
_ 	- 	- 
76 1.40 
1.05 0.95 0.90 	
- 	- - 0.50 
78 	1.40 	1.05 	
0.95 	0.90 	
0.85 	0.80 	- 
0.85 - - 	0.55 
77 1.40 1.05 
0.95 0.90 0.60 
0.65 
79 2.80 2.30 
- 
0.85 0.80 0.75 
81 	2.80 	2.30 	2.20 	
2.10 	 0.70 
- - 	- -
- - - 	- 	0.50 
80 2.80 2.30 2.20 
0.60 
82 2.30 2.30 2.20 2.10 
2.00 
- - 	-  
84 	2.80 	2.30 	2.20 	2.10 
	
2.00 	1.95 	- 
- - 	0.80 
83 2.80 2.30 2.20 2.10 0.85 0.90 
85 4.20 3.50 
2.00 1.95 1.90 
86 	4.20 	3.50 	3.35 	
0.85 
- - - 	- 	- 	0.70 
87 4.20 3.50 3.35 3.30 
- - - -  
88 	4.20 	3.50 	3.35 	3.30 	
- 	- 	- 	0.90 
90 	4.20 	3.50 	3.35 	3.30 	
3.25 	3.20 	- 1.00 89 4.20 3.50 3.35 3.30 
3.25 - - 0.95 
91 5.60 4.85 
3.25 3.20 3.15 	1.05 
92 	5.60 	4.85 	4.70 
- - - 	 0.75 -  
94 	5.60 	4.85 	4.70 	
4.60 	- 	- 	- 
- - - - 	0.90 




95 5.60 4.85 4.70 
4.60 4.55 - - 
96 	5.60 	4.5 	4.70 	
4.60 	4.55 	4.50 	- 
97 7.00 6.05 
4.60 4.55 4.50 4.45 
98 	7.00 	6.05 	5.85 


















- - 1.25 
8.45 	
5.80 5.75 	5.70 
103 
6.05 	5.85 















- - 1.35 
8.45 
7.00 	A -.95 
107 
7.25 	7.10 
	- 	- 	1.45 










- - 1.50 
140. 

























0.5325 39 0.9585 75 1.0650 
A 0.6390 40 1.0650 76 1.1715 
5 0.7455 41 1.1715 77 1.2780 
6 0.8520 42 1.2730 78 1.3845 
7 0.5325 43 0.9535 79 1.0650 
0.7455 44 1.2780 SO 1.2780 
9 0.8520 45 1.4910 81 1.4910 
10 1.0650 46 1.5975 82 1.7040 
11 1.2780 47 1.7040 83 1.9105 
12 1.3845 48 1.9105 34 1.9170 
13 0.8520 49 1.2780 85 1.4910 
14 1.1715 50 1.5975 86 1.8 1 05 
15 1.3345 51 1.8105 87 1.9170 
16 1.5975 52 1.:',170 88 2.0235 
17 1.7040 53 2.0235 89 2.1300 
13 1.8105 54 2.1300 90 2.2365 
19 0.8520 55 1.4910 91 1.5975 
20 1.2730 56 1.9105 92 1.9170 
21 1 .49 1 0 57 2.0235 93 2.1300 
22 1.5975 58 2.1300 94 2.2365 
23 1.7040 59 2.2365 95 2.3430 
2' 1.8105 60 2.3430 96 2.4195 
25 1.0650 61 1.9170 97 2.0235 
26 1.4910 62 2.2365 98 2.4495 
27 1.7040 63 2.4495 99 2.5560 
28 1.0105 64 2.5560 100 2.6625 
29 1.9170 65 2.0625 101 2.7690 
30 2.0235 66 2.7690 102 2.8755 
31 1.2730 67 2.3130 103 2.5560 
32 1.8105 60 2.6625 104 2.9755 
33 2.0235 69 2.3755 105 3.0895 
34 2.1300 70 2.9320 106 3.1950 
35 2.2365 71 3.0885 107 3.3015 
36 2.3430 72 3.1950 108 3.4080 
141. 
Tx : pH Readings in Antichlor Treatment with Sodium 










1 8.50 0.70 8.20 0.30 
2 8.50 8.70 8.20 0.30 
3 8.45 8.70 8.15 0.30 
4 8.50 8.70 8.15 0.35 
5 8.50 8.65 8.15 0.35 
6 8.55 8.65 8.20 0.35 
7 8.50 8.70 8.20 0.30 
8 8.45 8.70 3.15 0.30 
g 8.45 8.65 8.15 0.30 
10 8.45 8.65 8.10 0.30 
11 8.50 8.65 8.15 0.35 
12 8.50 8.60 8.15 0.35 
13 8.50 3.65 3.20 0.30 
14 8.50 8.70 8.20 0.30 
15 8.50 3.65 3.20 0.30 
16 8.55 0.70 8.25 0.30 
17 8.55 8.65 3.20 0.35 
18 8.55 8.60 8.25 0.30 
19 8.50 3.70 3,20 0.30 
20 3.50 3.70 3.20 0.30 
21 3.50 3.60 8.20 0.30 
22 8.55 8.65 8.20 0.35 
23 8.40 8.55 8.05 0.35 94 8.40 3.50 8.05 0.35 
25 8.45 3.60 2.15 0.30 
26 8. 40 0.60 0.10 0.30 
27 3.50 0.70 8.15 0.35 
28 8.50 8.65 8.15 0.35 
29 8.50 8.60 8.15 0.35 
30 8.50 8.60 8.15 0.35 
31 3.50 8.70 8.20 0.30 
32 0 .0 8.65 8.15 0.35 
33 8.50 8.65 8.15 0.1)5 
34 8.50 3.60 8.15 0.35 35 3.40 8.50 8.05 0.35 36 8.50 8.70 8.15 0.35 
142. 
Continued 
Original 	15 Min. 	30 Min. 	Total Loss periment 
No. 	 Sample Sample Sample in pH 
37 8.50 8.70 8.20 . 	0.30 
38 3.55 8.65 3.25 0.30 
39 3.40 8.55 8.10 0.30 
40 8.40 8.60 8.10 0.30 
41 8.40 8.60 8.05 0.35 
42 3.40 3.60 8.05 0.35 
43 8.50 8.65 8.20 0.30 
44 8.45 8.60 8.15 0.30 
45 8.45 8.60 8.15 0.30 
46 8.40 8.65 8.05 0.35 
47 8.50 8.70 8.15 0.35 
48 8.50 8.65 3.15 0.35 
49 3.55 3.70 3.25 0.30 
50 8.55 8.70 8.25 0.30 
51 8.50 8.65 8.15 0.35 
52 8.50 8.70 3.15 0.35 
53 8.50 8.70 8.15 0.35 
54 8.50 8.70 8.15 0.35 
55 8.50 3.65 8.20 0.30 
56 8.50 8.65 8.20 0.30 
57 8.55 8.65 8.20 0.35 
58 8.40 3.60 8.05 0.35 
59 8.45 3.65 3.10 0.35 
60 8.40 8.60 8.05 0.35 
61 8.50 3.70 8.20 0.30 
62 8.50 8.70 8.15 0.35 
63 3.55 8.70 8.20 0.35 
64 8.50 8.65 8.15 0.35 
65 8.50 8.65 3.15 0.35 
66 8.45 8.60 8. 1 0 0.35 
67 8.45 8.60 8.15 0.30 
68 8.50 8.65 8.20 0.30 
69 8.50 8.65 8.15 0.35 
70 8.55 8.65 8.20 0.35 
71 8.55 8.70 8.15 0.35 













































































































































































































Bleached 	Loss in 	Percent 
	
Weight - Weight Loss 
(gms) 	(gms) 
1 223.0 221.9 1.1 0.50 
2 227.6 226.4 1.2 0.55 
3 223.3 222.0 1.3 0.60 
4 218.7 217.5 1.2 0.55 
5 220.0 226.6 1.4 0.60 
6 220.8 219.4 1.4 0.65 
7 221.0 219.7 1.3 0.60 
8 224.0 222.7 1.3 0.60 
9 218.9 217.5 1.4 0.65 
10 230.6 229.2 1.4 0.60 
1 1 227.6 226.1 1.5 0.65 
12 228.8 227.3 1.5 0.65 
13 232.9 231.5 1.4 0.60 
14 232.8 231.4 1.4 0.60 
15 224.4 223.0 1.4 0.65 
16 233.0 231.5 1.5 0.65 
17 231.6 230.0 1.6 0.70 
18 217.5 216.0 1.5 0.70 
19 210.4 217.0 1.4 0.65 
20 224.4 222.9 1.5 0.65 
21 222.3 220.9 1.4 0.65 
22 220.1 213.6 1.5 0.70 
23 221.5 220.0 1.5 0.70 
24 223.2 221.5 1.7 0.75 
25 213.5 212.1 1.4 0.65 
26 226.9 225.4 1.5 0.65 
27 220.2 218.7 1.5 0.70 
28 218.6 217.0 1.6 0.75 
29 220.0 218.4 1.6 0.75 
30 239.4 217.7 1.7 0.80 
31 218.6 217.0 1.6 0.75 
32 215.8 214.2 1.6 0.75 
33 217.1 215.4 1.7 0.80 
34 220.1 218.3 1.8 0.85 
35 226.0 224.2 1.8 0.30 
36 227.3 225.3 2.0 0.90 
Cont. 
145. 












































43 211.E 210.5 1.3 0.60 
44 20 5 .4 204.1 1.3 0.65 
45 209.7 208.4 1.3 0.65 
46 206.9 205.6 1.3 0.65 
47 209.8 208.5 1.3 0.65 
48 214.7 213.2 1.5 0.70 
49 210.6 209.3 1.3 0.60 
50 209.9 208.5 1.4 0.65 
51 206.1 204.8 1.3 0.65 
52 209.4 207.9 1.5 0.70 
53 208.8 207.3 1.5 0.70 
54 213.0 211.5 1.5 0.70 
55 203.4 202.1 1.3 0.65 
56 207.7 206.3 1.4 0.65 
57 217.2 215.7 1.5 0.70 
58 200.7 207.2 1.5 0.70 
59 205.6 204.1 1.5 0.75 
60 212.2 210.5 1.7 0.00 
61 209.8 208.3 1.5 0.70 
62 210.3 208.7 1.6 0.75 
63 204.1 202.7 1.4 0.70 
64 214.1 212.4 1.7 0.30 
65 209.6 207.8 1.8 0.85 
66 211.9 210.0 1.8 0.85 
67 203.5 201.8 1.7 0.75 
68 214.8 213.1 1.7 0.80 
69 202.5 200.8 1.7 0.35 
70 213.6 211.8 1.8 0.85 
71 211.7 209.3 1.9 0.90 
72 212.3 210.3 2.0 0.95 
C&nt. 
146. 




































































































































































































































Table XI: Percentage of Shrinka.e from Scoured to Bleached Fabric 
weri- 





age 2 3 2 3 
1 4.0 3.8 3.9 3.9 2.3 2.4 2.5 2.4 
2 3.9 3.9 3.7 3.3 2.5 2.3 2.4 2.4 
3 4.0 4.1 3.9 4.0 2.3 2.4 2.2 2.3 
4 4.0 4.0 4.0 4 .0 2.4 2.5 2.3 2.4 
5 3.9 4.0 3.8 3.9 2.2 2.2 2.2 2.2 
6 3.9 3.7 3.8 3.8 2.6 2.2 2.4 2.4 
7 3.9 3.8 3.6 3.7 2.4 2.5 2.6 2.5 
8 3.7 3.7 3.5 3.6 2.7 2.5 2.6 2.6 
9 3.6 3.9 3.6 3.7 2.3 2.3 2.3 2.3 
10 3.8 3.5 3.5 3.6 2.4 2.4 2.4 2.4 
11 3.8 3.8 3.3 3.8 2.5 2.5 2.5 2.5 
12 4.2 4.0 3.9 4.0 2.2 2.6 2.4 2.4 
13 3.8 4.0 3.9 3.9 2.2 2.7 2.0 2.3 
14 3.3 4.1 3.7 3.7 2.3 2.3 2.6 2.4 
15 3.7 3.9 3.5 3.7 2.4 2.4 2.4 2.4 
16 3.8 3.8 3.5 3.7 2.5 2.5 2.2 2.4 
17 3.7 4.1 3.9 3.9 2.5 2.4 2.3 2.4 
18 3.8 3.8 3.3 3.8 2.5 2.6 2.4 2.5 
19 3.9 3.9 3.6 3.8 2.0 2.7 2.5 2.4 
20 3.6 3.7 3.5 3.6 2.3 2.4 2.5 2.4 
21 3.8 3.6 3.7 3.7 2.1 2.4 2.4 2.3 
22 3.9 3.7 3.8 3.8 2.3 2.3 2.3 2.3 
23 3.7 3.7 3.7 3.7 2.2 2.5 2.2 2.3 
24 4.0 4.1 3.9 4.0 2.3 2.4 2.5 2.4 
25 3.7 3.9 3.8 3.8 2.2 2.5 2.2 2.3 
26 3.8 3.7 3.6 3.7 2.2 2.4 2.3 2.3 
27 3.9 3.9 3.9 3.9 2.4 2.4 2.4 2.4 
28 3.6 3.8 3.7 3.7 2.5 2.3 2.4 2.4 
29 4.0 3.7 3.7 3.8 2.6 2.1 2.5 2.4 
30 3.7 3.9 3.5 3.7 2.6 2.2 2.1 2.3 
31 3.8 4.0 3.9 3.9 2.1 2.5 2.3 2.3 
32 3.9 3.9 3.9 3.9 2.4 2.4 2.1 2.3 
33 3.6 3.8 3.7 3.7 2.3 2.4 2.2 2.3 
34 4.0 3.9 3.8 3.9 2.4 2.5 2.3 2.4 
35 3.7 3.5 3.9 3.7 2.5 r, 	r 2.3 2.4 2.4 




























































































































































































































































































































































































1 2 3 
Aver- 
age 1 2 3 
Aver- 
age 
3.8 3.7 3.9 3.7 2.3 2.4 2.2 2.3 
3.9 4.0 3.3 3.9 2.5 2.3 2.4 2.4 3.9 3.8 3.7 3.8 2.3 2.3 2.3 2.3 
3.7 3.7 3.7 3.7 2.2 2.4 2.3 2.3 
3.9 4.1 3.7 3.9 2.5 2.3 2.4 2.4 
4.0 4.0 3.8 3.9 2.2 2.0 2.4 2.2 
3.8 3.6 3.7 3.7 2.4 2.6 2.5 2.5 
3.7 5.5 3.9 3.7 2.2 2.5 2.5 2.4 
3.9 3.7 3.8 3.8 2.3 2.3 2.6 2.4 4.0 3.8 3.9 3.9 2 .4 2.4 2.4 2.4 
3.8 3.6 3.7 3.7 2.5 2.4 2.6 2.5 
4.0 4.1 3.9 4.0 2.2 2.4 2.3 2.3 
3.8 3.6 3.7 3.7 2.2 2.0 2.4 2.2 




















3.9 4.0 4.1 4.0 2.5 2.7 2.3 2.5 
3.9 3.7 3.8 3.8 2.4 2.5 2.3 2.4 
3.6 3.8 3.7 3.7 2.6 2.3 2.3 2.4 
3.5 3.7 3.6 3.6 2.2 2. 1 2.3 2.2 
3.9 3.8 3.7 3.8 2.G 2.7 2.5 2.6 
4.0 3.9 3.8 3.9 2.1 2.0 2,5 2.2 
3.6 3.5 4.0 3.7 2.4 2.6 2.5 2.4 
4.0 3.8 3.9 3.9 2.4 2.5 2.6 2.4 
4.0 3.7 3.7 3.8 2.2 2.2 2.5 2.3 
3.7 3.9 3.8 3.9 2.3 2.5 2.1 2.3 
3.9 3.7 3.3 3.8 2.4 2.5 2.0 2.3 
3.9 3.9 3.9 3.9 2.4 2.4 2.4 2.4 
4.0 3.9 3.8 3.7 2.2 2.6 2.1 2.3 
3.6 3.6 3.9 3.7 2.5 2.5 2.5 2.5 
3.8 3.7 3.6 3.7 2.2 2.7 2.6 2.5 
3.8 3.8 3.8 3.8 2.1 2.4 2.1 2.2 
3.6 4.0 3.8 3.8 2.5 2.3 2.4 2.4 
3.7 3.8 3.6 3.7 2.3 2.7 2.2 2.4 
4.0 3.8 3.9 3.9 2.3 2.1 2.5 2.3 
4.1 3.8 3.8 3.9 2.3 2,5 2.4 2.4 
150. 
Table XII: Ends per inch. 
sxperi7 
ment 























1 107 107 108 107 107 107.2 
2 106 107 107 108 107 107.0 
3 108 107 107 108 106 107.2 
4 107 108 106 108 107 107.4 
5 108 107 106 108 107 107.2 
6 107 106 107 108 108 107.2 
7 107 107 107 107 107 107.0 
8 107 106 108 106 107 106.8 
9 108 107 107 107 106 107.0 
10 107 106 107 107 107 106.8 
11 107 107 108 107 107 107.2 
12 108 107 107 108 107 107.4 
13 107 107 107 108 107 107.2 
14 106 107 107 107 103 107.0 
15 107 107 108 106 107 107.0 
16 107 108 108 106 106 107.0 
17 108 107 107 107 107 107.2 
18 107 107 107 108 107 107.2 
19 107 107 106 107 109 107.2 
20 106 107 107 108 106 106.8 
21 107 107 106 108 107 107.0 
22 109 107 107 107 106 107.2 
23 -0 106 107 107 109 107 107.0 
24 107 108 107 108 107 107.4 
25 106 106 108 108 109 107.2 
26 107 107 107 107 107 107.0 
27 107 107 10P 107 108 107.2 
28 108 106 106 106 109 107.0 
29 107 108 107 107 107 107.2 
30 107 107 107 108 106 107.0 
31 107 108 107 106 108 107.2 
32 107 107 107 107 108 107.2 
33 108 106 107 103 106 107.0 
34 106 107 108 107 108 107.2 
35 107 107 105 107 107 107.0 
36 107 107 107 107 100 107.2 
Cont. 
151. 
able XII: Continued 
merit No. 
































































































































































































































































01e XII: Continued 
pcperi-
ment 

































































82 108 107 107 107 107 107.2 
83 106 108 107 108 106 107.0 
84 108 107 103 107 107 107.4 
85 108 107 106 107 107 107.0 
86 107 107 107 108 106 107.0 
87 107 108 107 106 107 107.0 
83 107 107 107 107 107 107.0 
89 107 103 107 103 107 107.4 
90 107 107 108 107 107 107 .2 
91 107 106 107 107 108 107.0 
92 107 107 106 107 107 106.8 
93 108 107 107 107 107 107.2 
94 107 107 108 107 107 107.2 
95 107 106 107 108 107 107.0 
96 108 107 107 107 107 107.2 
97 107 107 108 107 107 107.2 
98 107 107 107 107 108 107.2 
99 107 108 107 107 107 107.2 
100 107 107 107 103 107 107.2 
101 106 107 107 106 107 107.0 
102 107 108 106 107 107 107.0 
103 107 107 107 107 107 107.0 
104 108 107 106 108 107 107.2 
105 107 108 107 107 107 107.2 
106 106 107 107 108 107 107.0 
107 107 108 107 107 107 107.2 





Picks per Inch. 
















Scoured 62 63 62 61 62 62.0 
1 63 63 64 65 62 63.4 
2 64 63 63 64 63 63.4 
3 63 64 63 64 63 63.4 
4 63 63 64 63 64 63.4 
5 64 63 63 63 63 63.2 
6 63 63 63 64 64 63.4 
7 63 65 63 63 64 63.6 
8 65 64 63 63 63 63.6 
9 63 63 64 63 64 63.4 
10 65. 63 63 63 63 63.4 
11 64 64 64 63 63 63.6 
12 63 64 63 63 64 63.4 
13 64 63 64 63 63 63.4 
14 63 63 64 63 64 63.4 
15 63 65 63 63 63 63.4 
16 63 64 63 63 64 63.4 
17 63 63 63 63 65 63.4 
18 63 65 64 63 63 63.6 
19 64 63 64 63 63 63.4 
20 64 63 63 64 64 63.4 
21 63 63 64 63 63 63.4 
22 64 64 63 63 63 63.4 
23 63 63 65 63 63 63.4 
24 64 63 64 63 63 63.4 
25 63 64 64 63 63 63.4 
26 64 63 63 63 64 63.4 
27. 63 63 65 64 63 63.4 
26 63 64 63 63 63 53.4 
29 64 63 64 64 63 63.4 
30 63 63 63 63 64 63•4 
31 63 63 64 63 64 63.4 
32 64 63 63 63 63 63.2 
33 64 64 63 63 63 63.4 
34 64 63 64 63 63 63.4 
35 63 64 63 64 63 63.4 





weri- 2 3 4 5 Aver- 
rent ro. age 
37 63 63 64 64 63 63.4 
38 64 63 63 64 63 63.4 
39 63 63 63 65 , 63 63.4 
40 64 63 63 63 63 63.2 
41 63 64 63 64 63 63.4 
42 64 64 63 63 64 63.6 
43 63 63 64 63 64 63.4 
44 63 63 64 63 64 63.2 
45 63 65 63 63 63 63.4 
46 63 63 64 64 63 63.4 
47 63 64 63 64 63 63.4 
48 64 63 64 63 63 63.4 
49 63 63 63 65 63 63.4 
50 63 64 63 63 64 53.4 
51 63 63 64 64 63 63.4 
52 64 63 63 63 63 63.2 
53 64 63 63 63 63 63.2 
54 63 63 64 64 63 63.4 
55 64 63 63 64 63 C.'7 	A uo._ 
56 63 64 62 65 63 63.4 
57 63 64 63 64 63 6 3.4 
58 63 63 63 64 64 63.4 
59 65 63 63 63 63 63.4 
60 64 63 65 63 63 63,6 
61 64 64 63 63 63 63.4 
62 63 63 64 64 63 63.4 
63 64 64 63 63 63 63.4 
64 63 63 63 63 64 63.2 
65 63 64 63 63 64 63.4 
66 64 63 63 63 64 63.4 
67 63 64 63 64 63 63,4 
68 63 63 64 63 63 63.2 
69 63 64 63 63 64 63.4 
70 63 63 64 64 63 63.4 
71 65 63 63 63 63 63.4 










































1 0 3 4 5 Aver- 
age 
63 64 64 63 S3 63.4 
64 63 53 64 63 63.4 
64 63 64 63 63 63.4 
64 63 63 63 64 63.4 
63 64 63 64 63 63. 4 
63 64 63 63 63 63.2 
65 64 63 63 63 63.6 
63 63 64 63 64 63.4 
64 63 63 64 63 63.4 
65 63 63 63 63 63.4 
63 64 63 65 63 63.6 
64 63 63 64 63 63.4 
63 63 64 63 63 63.2 
63 64 63 64 63 63.4 
63 63 64 63 64 63.4 
64 64 63 63 63 63.4 
63 65 63 64 63 63.6 
63 63 64 63 64 63.4 
64 64 63 63 63 63.4 
63 64 63 63 63 63.2 
63 64 65 63 63 63.6 
63 63 63 64 63 63.2 
63 64 63 63 64 63.4 
64 64 63 63 63 63.4 
63 63 63 64 64 63.4 
63 63 64 64 63 63.4 
63 '64 63 64 63 63.4 
63 63 64 63 64 63.4 
64 64 63 63 63 63.4 
63 63 63 64 65 63.6 
63 65 64 63 63 63.6 
63 63 63 64 63 63.2 
64 64 63 63 63 63.4 
63 63 63 64 64 63.4 
63 64 64 63 63 63.4 




Meas-ireraent , of LiFht 	Leflection 
Reflection ileter Model 610. 	Standard 
Magnesium Carbonate 100. Suppressed 
with Red Filter. 	(dhite Opacity.) 
Readin 	Ex erinent 	Readinr7 








1 73.0 37 74.0 73 75.0 
2 74.0 38 74.5 74 75.5 
3 75.0 39 75.0 75 76.0 
4 76.0 40 76.0 76 77.0 
5 76.0 41 76.5 77 77.5 
6 76.5 42 77.0 73 77.5 
7 75.0 43 75.5 79 76.0 
8 76.0 44 76.5 80 77.0 
9 76.5 45 77.0 81 77.0 
10 77.0 46 77.5 82 77.5 
11 77.5 47 78.0 83 73.0 
12 77.5 48 78.5 84 78.5 
13 75.0 49 76.0 85 77.0 
14 75.5 50 76.5 86 77.5 
15 76.0 51 77.0 87 77.5 
16 77.0 52 77.5 88 73.5 
17 77.5 53 78.0 29 79.0 
18 78.0 54 78.0 90 79.5 
19 76.0 55 76.0 91 77.5 
20 77.0 56 77.0 92 78.0 
21 78.0 57 78.0 93 78.0 
22 78.5 58 79.0 94 79.0 
23 79.0 59 79.5 95 80.0 
24 79.5 60 80.0 96 80.5 
25 77.0 61 77.0 97 77.5 
26 77.5 62 77.5 98 78.0 
27 78.0 63 78.0 99 73.5 
, 	28 78.5 64 79.0 100 80.0 
29 79.0 65 80.0 101 80.5 
30 80.0 66 30.5 102 80.5 
31 77.5 65 73.0 103 78.5 
32 78.0 68 78.0 104 78.0 
33 78.5 69 79.0 105 79.0 
34 , 79.0 70 80.0 106 79.5 
35 30.0 71 80.0 107 795 











7 8.0  
81.0 
of Light Reflection with the Photovolt 
Meter Model 610. 	Standard Used Is 
100. Readincs with Red Filter. 
Experiment 	Reading 	Experiment 	Reading 
1 86.0 37 88.0 73 88.0 
2 87.0 38 88.5 74 89.0 
3 87.5 39 09.0 75 89.5 
4 87.5 40 89.0 76 90.0 
5 88.0 41 89.5 77 90.5 
6 83.0 42 90.0 73 91.0 
7 87.0 43 88.5 79 39.0 
8 87.5 44 89.0 80 39.5 
9 87.5 45 89.5 81 90.0 
10 88.0 46 89.5 32 90.5 
11 C3.5 47 90.0 83 89.5 
12 33.5 48 90.5 84 90.0 
13 87.0 49 38.5 85 90.0 
14 87.5 50 89.0 86 91.0 
15 88.0 51 89.5 87 91.0 
16 88.5 90.0 88 91.5 
17 89.0 53 90.5 89 91.5 
18 29.0 54 91.0 90 92.0 
19 88.0 55 39.0 91 88.0 
20 88.5 56 39.5 92 39.0 
21 89.0 57 89.5 93 90.0 
22 89.5 58 90.0 94 90.5 
23 90.0 59 90.5 95 91.0 
24 90.0 60 91.0 96 91.0 
25 87.5 61 89.0 97 89.0 
26 88.0 62 89.5 93 90.0 
27 88.5 63 90.0 99 90.0 
28 89.0 64 89.5 100 90.5 
29 89.5 65 90.5 101 91.0 
30 90.0 66 90.5 102 91.5 
31 88.5 67 89.0 103 90.0 
32 89.0 68 89.5 104 90.0 
33 89.5 69 90.0 105 90.5 
34 39.5 70 90.0 106 90.5 
35 90.0 71 90.5 107 91.0 
36 90.0 72 90.0 108 91.0 
158. 
Table XVI: Raveled-Strip Test for Tensile Strength in Fabric 
Material. Warp Breaks in Pounds. Break Given as 
Percentag,e of Corrected Tensile Strength of Desized 
Sample as to Shrinkage and Loss in Weight. 
Bxperi- 	1 	2 	3 	4 	5 	Aver- 'Percentage 
anent No. ar7e 	of Corrected 
Desized Break 
of 123.3 lbs 
Gray Fabric 130 151 128 129 1 31 120.8 
Desized 122 113 123 124 124 122.2 
Scoured 125 129 124 123 125 125.2 
1 118 123 123 126 127 124.4 100.9 
2 127 119 124 126 123 123.8 100.4  
3 122 125 123 117 119 121.2 98.3 
4 130 122 107 121 118 119.6 97.0 
5 113 114 122 115 125 117.8 95.5 
6 123 114 110 116 121 115.8 94.7 
7 128 130 122 123 118 124.2 100.7 
8 u 118 128 120 122 120 121.6 90.6 
9 116 124 120 114 120 118.8 96.4 
10 114 116 124 114 115 . 1 16.6 94.6 
11 118 117 119 115 112 116.2 94.2 
12 110 115 112 117 11(-3 114.4 92.8 
13 128 124 119 124 121 123.2 99.9 
14 121 119 124 120 120 120.8 98.0 
15 127 120 119 110 113 117.8 95.5 
16 120 128 121 113 110 04.4 
17 111 120 110 118 113 11t1. 92.8 
18 119 111 113 117 110 114.0 92.5 
19 125 120 121 122 112 120.0 97.3 
20 114 118 122 119 113 11 7.2 95.0 
21 111 115 118 116 117 115.4 93.6 
22 117 112 115 111 113 113.6 92.1 
23 108 109 117 114 108 111.2 89.4 
24 110 102 100 116 110 109.4 99.7 
25 123 117 115 118 120 118.6 96.2 
26 115 118 117 114 173 116.4 94.4 
27 113 115 113 118 112 114.2 92.6 
28 1 11 113 109 112 117 112.4 91.2 
29 110 114 112 105 111 110.4 89.5 
30 109 105 108 114 103 107.8 87.4 
31 118 116 119 112 119 116.8 94.7 
32 111 107 116 118 115 113.4 92.0 
33 108 112 109 115 107 110.2 89.4 
34 112 105 108 105 107 107.4 87.1 
35 106 109 103 107 98 104.6 84.8 
36 96 106 108 99 97 101.2 82.1 
Cont. 
159 . 
able XVI: Continued 
vxperi -
ment 1•To. 





of 123.3 lbs 
37 116 115 111 109 117 113.2 91.8 
38 113 115 108 109 107 110.4 89.5 
39 111 106 105 101 108 106.2 86.1 
40 100 106 98 102 106 102.4 83.0 
41 99 97 95 102 105 99.6 $0.8 
42 97 98 101 94 92 96.4 78.2 
43 109 112 115 111 114 112.2 91.0 
44 112 114 108 111 103 109.6 88.9 
45 109 104 105 101 108 105.4 85.5 
46 100 99 103 101 98 100.2 81.3 
47 97 103 95 94 98 97.4 79.0 
48 98 91 97 96 94 95.2 77.2 
49 112 114 108 110 108 110.4 39.5 
50 102 107 109 101 109 105.6 85.6 
51 104 99 106 100 98 101.4 82.2 
52 94 99 105 102 96 99.2 80.5 
53 100 98 94 92 101 97.0 73.7 
54 94 91 98 92 98 94.6 76.7 
55 100 104 109 102 106 104.2 84.5 
56 102 98 99 101 102 100.4 81.4 
57 100 97 96 98 95 97.2 70.8 
58 94 95 39 98 95 94.2 76.4 
59 85 89 94 98 91 91.4 74.1 
60 83 96 84 94 89 -9.2 72.3 
61 103 101 101 97 106 101.6 82.4 
62 99 95 99 92 101 73.8 
63 97 100 8o 93 91 93.4 75.8 
64 83 88 94 91 90 '9.2 72.3 
65 83 82 88 90 39 86.4 70.1 
66 86 79 88 85 33 84.2 68.3 
67 100 104 97 98 99 99.6 °O.8 
68 91 98 97  94 96 95.2 77.2 
69 90 89 97 91 92 91.8 74.5 
70 85 89 93 37 0 0 88.6 71.9 
71 0 0 1-)g, 88 85 86 35 r+r 00.4 69.1 











of 123.3 lbs 
----__-__ 
73 106 103 99 96 102 102.2 82.9 
74 100 104 93 101 99 100.4 31.4 
75 95 97 99 92 103 97.2 78.8 

















79 98 97 102 97 103 99.4 30.6 
80 97 96 91 99 95 95.6 77.5 
81 39 91 37 84 90 88.2 71.5 
32 85 81 89 85 87 85.4 69.3 
33 86 79 81 84 33 82.6 67.0 
34 75 86 79 75 81 79.2 6/1.9 

















88 80 79 84 82 85 32.0 66.5 
89 76 80 82 79 84 30.2 65.0 
90 74 79 82 78 79 73.4 63.6 
91 97 93 92 97 94 94.6 76.7 
92 90 87 89 92 88 09.2 72.3 
93 82 86 81 88 86 84.6 62.6 
94 79 84 76 82 80 30.2 63.0 
95 76 72 SO 85 70 76.6 62.1 
96 70 73 - 79 71 69 72.4 58.7 
97 90 91 94 92 95 92.4 74.9 
98 89 07 83 92 37 87.6 71.0 
99 86 80 83 81 82 82.4 66.8 
100 80 75 81 78 80 78.3 63.9 
101 70 75 72 74 76 73.4 59.5 
102 70 65 72 66 68 68.2 55.3 
103 95 90 33 92 89 90.8 75.6 
104 37 36 39 80 85 35.4 69.3 
105 30 34 82 79 82 81.4 66.0 
106 79 75 76 78 80 77.6 62.9 
107 75 79 71 72 74 74.2 60.2 
103 67 66 74 72 68 69.4 56.3 
161. 
Table XVII: Raveled-Strip Test for Tensile Strength on Fabric 
Material. Filling Breaks in Pounds. Break Given 
as Percentage of Corrected Tensile Strength of 
Desized Sanple As To Shrinkage and Loss in Weight. 
Experi- 
ment No. 





of 107.6 lbs. 
Gra- 90 91 89 80 91 89.3 
Desized 101 98 102 105 101 101.4 
Scoured 107 110 109 108 108 1 08.4 
1 104 99 101 03 99 100.2 93.1 
2 101 95 99 97 100 93.4 91.4 
3 98 99 93 93 95 95.6 88.8 
4 90 93 94 92 93 92.4 85.9 
5 89 90 91 90 91 90.2 33.9 
6 90 89 86 88 89 36.4 82.2 
7 99 98 103 95 98 98.6 91.6 
8 98 95 92 94 97 95.2 33.5 
9 92 94 92 99 90 93.4 86.8 
10 87 94 91 39 90 90.2 83.8 
11 85 87 39 90 85 87.2 81.0 
12 85 39 -,D u., 82 94 85.6 79.6 
13 100 107 93 101 98 99.8 92.8 
14 98 97 93 9 1 102 96.2 '19.4 
15 91 96 89 93 98 93.4 36.3 
16 84 93 90 96 97 90.0 83.6 
17 88 82 85 89 90 86.8 30.7 
18 88 84 32 87 81 84.4 78.4 
19 100 97 93 104 98 ,JL., 93.4 91.4 
20 90 98 94 97 96 95.0 83.3 
21 93 90 96 94 93 93.2 86.6 
22 90 94 99 88 93 90.8 34.4 
23 88 84 85 92 87 87.2 81.0 
24 88 83 90 86 81 85.6 79.6 
25 97 93 90 92 97 94.3 88.1 
26 89 92 95 37 90 90.6 84.2 
27 97 83 87 85 90 86.4 90.3 
28 80 39 78 84 02 82.6 76.8 
29 80 72 81 80 02 30.2 74.5 
30 80 75 83 76 80 	, 78.4 72.9 
31 91 95 37 91 94 91.3 85.3 
32 89 90 90 91 83 08.6 82.3 
33 37 85 82 39 84 85.4 79.4 
34 83 87 81 81 80 82.4 76.6 
35 80 84 78 77 81 80.0 74.3 
36 80 76 73 80 77 77.2 71.7 
Cont. 
162. 
Table XVII: Continued 
experi- 1 2 3 4 5 Aver- Percentage 
men t 	1 .1o. age of Corrected 
Desized Break 
of 107.6 lbs. 
37 92 93 89 90 93 91.4 84.9 
38 88 84 93 88 85 87.6 81.4 
39 86 84 86 39 32 85.4 79.4 
40 81 86 80 82 87 33.2 77.3 
41 78 85 79 77 82 30.2 74.5 
42 80 76 75 79 78 78.4 72.9 
43 90 93 33 89 91 90.2 23.0 
44 87 86 31 86 89 85.8 79.7 
45 83 82 80 79 82 31.2 75.5 
46 79 74 80 80 75 77.4 71.9 
47 75 78 75 73 75 75.2 69.9 
48 70 73 74 70 71 71.6 66.5 
49 89 70 88 90 36 83.6 S2.3 
50 85 81 85 89 79 33.3 77.9 
51 80 33 78 33 77 ^0.2 74.5 
52 79 72 78 80 72 77.4 71.9 
53 73 70 74. 76 78 74.2 69.0 
54 69 73 75 63 71 70.2 65.2 
55 84 39 84 85 90 86.4 20.3 
56 84 82 79 80 86 82.2 76.4 
57 76 75 80 74 79 76.8 71.4 
58 72 70 73 70 78 72.6 67.5 
59 65 70 74 69 70 69.6 64.7 
60 68 65 69 72 68 63.4 63.6 
61 86 35 83 88 80 84.4 70.4 
62 80 78 30 79 87 30.8 75.1 
63 76 79 74 77 75 76.2 70.8 
64 74 77 71 73 76 74.2 69.0 
65 70 73 68 70 74 71.0 66.0 
66 67 65 71 68 70 68.2 63.4 
67 80 84 83 77 81 31.0 75.3 
68 79 75 77 80 83 "8.3 73.2 
69 73 74 75 73 76 75.2 69.9 
70 72 70 74 72 71 71.3 66.7 
71 70 67 66' 71 67 68.2 63.4 
72 68 66 65 69 64 66.4 
Cont. 
1 2 3 4 5 Aver- 
age 
pperi -
ont 10. Percenta7e 
of Corrected 
Desized Break 


































































































































































































































































































Y 	 164. 
Table XVIII: 	Absorbency- Test on 2abric Yaterial in Seconds 
per Sample. 
S%Per i- 	 3 	4 	5 	 Aver- 
vent !jo. age 
Gray 18004 18004' 18004 18004 1800* 1800 ♦ 
Desized 380 310 340 360 350 350 
Scoured 4.7 4.9 4.3 4.4 4.6 4.58 
1 4.2 4.3 4.0 3.9 4.3 3.34 
2 . 3.9 3.8 3.4 4.4 3.1 3.72 
3 2.0 3.8 3.6 3.2 3.6 2.34 
4 2.2 2.8 3.8 3.6 2.1 2.90 
5 3.9 3.6 3.2 3.2 3.4 3.46 
6 3.3 3.1 3.1 3.2 3.4 3.22 
7 3.8 3.6 4.1 3.6 3.3 3.94 
8 Q 3.6 4.2 3.0 3.4 3.3 3.50 
9 2.3 4.1 4.1 3.2 3.1 3.36 
10 4.0 3.5 2.9 3.1 3.4 3.38 
11 4.2 4.0 3.2 2.6 3.2 3.44 
12 3.4 3.6 3.0 3.2 3.2 3.28 
13 4.2 4.3 3.9 4.1 3.7 4.04 
14 3.6 4.0 3.9 3.8 3.9 3.84 
15 3.8 4.2 4.0 3.6 3.4 3.80 
16 3.0 3.P 3.6 3.4 3.2 3.40 
17 3.6 4.0 3.8 3.4 3.3 3.62 
13 3.5 3.1 3.3 3.0 3.2 3.22 
19 3.8 3.6 3.4 4.0 3.9 3.74 
20 3.0 3.1 3.8 2.6 2.9 3.08 
21 3.2 2.0 2.8 3.3 7 	0 0.0 2.98 
22 2.8 2.6 2.5 3.1 3.1 2.82 
23 2.6 2.8 2.4 3.1 3.0 2.78 
24 3.1 2.2 2.6 3.2 2.3 2.68 
25 3.3 3.4 4.0 3.6 3.5 3.56 
26 2.4 2.8 2.6 2.9 3.2 2.78 
27 2.6 3.2 2.9 3.1 2.7 2.90 
28 3.1 2.5 2.4 3.3 2.9 2.84 
29 2.5 2.3 3.0 2.7 2.8 2.68 
30 3.0 2.7 2.6 2.9 2.2 2.68 
31 3.0 3.1 3.2 3.1 3.4 3.16 
32 2.8 2.7 2.9 2.6 2.9 2.78 
33 2.9 2.6 3.0 2.7 3.0 2.84 
34 2.8 3.0 2.4 3.0 2.5 2.74 
35 2.7 3.2 2.1 2.6 2.3 2.59 
36 2.5 3.0 2.7 2.4 2.5 2.62 
Cont. 
Table XVIII: Continued 
165. 
)cperi - 1 2 3 4 5 Aver- 
ment age 
37 2.9 3.2 3.4 2.9 3.2 3.12 
38 3.0 2.7 2.8 2.2 2.8 2.70 
39 2.3 2.6 2.7 2.4 2.2 2.44 
40 2.2 2.7 2.1 2.3 2.5 2.36 















44 1.8 1.6 2.0 1.9 1.8 1.82 
45 2.2 1.8 1.9 2.0 2.3 2.04 
46 2.1 2.0 2.0 2.0 1.8 1.98 
47 1.5 2.0 1.3 1.7 1.4 1.68 
48 2.0 1.4 1.7 1.8 1.5 1.68 
49 2.6 2.3 2.4 2.5 2.7 2.50 
50 1.6 2.0 2.0 1.8 1.7 1.82 
51 1.7 1.6 2.2 2.0 1.9 1.88 
52 1.5 1.6 1.8 1.7 1.6 1.64 
53 1.7 1.8 2.0 1.8 1.9 1.84 
54 1.8 1.6 1.7 2.0 1.7 1.76 
55 2.1 2.2 2.6 2.4 2.2 2.30 
56 2.0 2.0 2.1 2.3 2.2 2.12 
57 2.0 2.0 2.0 2.2 1.8 2.00 
58 1.9 1.8 2.1 1.8 1.7 1.86 
59 1.7 1.8 1.6 1.9 1.8 1.76 
60 1.6 1.8 1.7 1.7 1.5 1.66 
61 2.4 2.6 2.5 2.4 2.3 2.44 
62 2.6 2.4 2.0 2.2 2.6 2.36 
63 2.5 2.2 2.1 2.3 2.2 2.26 
64 2.0 2.1 2.2 2.6 2.5 2.20 
65 2.3 2.2 2.5 2.3 2.6 2.38 
66 2.0 1.8 1.5 1.9 1.8 1.80 
67 2.5 2.8 2.9 3.0 2.7 2.78 
68 2.4 2.6 2.2 2.6 2.4 2.44 
69 2.2 2.4 2.0 1.9 2.2 2.14 
70 1.7 1.6 1.9 2.0 2.1 1.86 
71 1.5 1.9 1.8 1.7 1.9 1.76 
































































































































































































































ANALYSIS OF RESULTS AND 
CONCLUSIONS 
ANALYSIS () _ SULTS 	CONCLUSIONS 
Upon completion of the preceding experimental work, 
the following conclusions have been reached. 
1. The pH of sodium 11-mochlorite bleaching solutions 
drops rapidly in the first fort7-five minutes of treat-
ment in presence of cotton, decreasing toward the end of 
longer periods of time. 
2. At temperatures higher than 76 degrees Fahren-
heit, the drop in pH increases in proportion to the Increase 
in temperature. 
3. The concentration of the bleaching, solution 
will affect the drop in pH ir direct proportion to the increase 
in concentration. 
4. The amount of chlorine consumed in bleaching 
is directly proportional to the temperature and concentra-
tion of the sodium hypochlorite solution. An increase in the 
length of time of treatment brings about a decrease in the 
ratio of chlorine consumption, which is great during the 
first forty-five minutes of treatment and decreases proportion-
ally with longer periods of time. 
5. The weight of the fabric lost in chemicking 
is proportional to the concentration, temperature and time 
of treatment of the hypochlorite solution. 
6. The shrinkage of cotton fabrics is entirely 
172. 
independent of anT conditions in chenickin. 
7. The construction of cotton fabrics chan-es 
with shrinkage, but this change is also independent of the 
bleaching conditions used. 
0 The white opacity of cotton fabrics is increas-
ed as the concentration, temperature and time of treatment 
are increased. The improvement in white opacity* is rapid 
at first and diminishes as the conditions are increased. 
9. The white shine of cotton fabrics also increas-
es with an increase in the conditions of treatment. An 
increase in teneerature and tine will cause a rapid increase 
in the amount of white shine obtained at first and then the 
results will tend to level off. An increase in concentration 
will cause a rapid Increase in white shine which will level 
off with concentration u7 to four grams of available chlorine 
per liter. At this point, an increase in concentration will 
also cause a rapid increase in white shine of the cotton. 
10. A one hundred percent whiteness reading was 
not obtained with ant treatment used. 
11. The tensile strength of the cotton fabric 
decreases in proportion to the increase of temperature of 
chenickin7. 
12. T he tensile strength of the cotton fabric 
decreases in proportion to an increase in concentration and 
time of treatment. 
173. 
13. The treatment of cotton fabr i cs with sodium 
hyoochlorite solutions of any concentration from one to six 
grams of available chlorine per liter causes a decrease in 
tensile strength which is not due to the loss in weFht 
since this factor is offset by the shrinkage of the fabric. 
The loss in tensile strength considered acceptable in this 
work is from 5 to 15 percent. 
14. The absorbency of bleached cotton fabrics 
depends largely on the Ider boiling operation. Chemicking 
will improve the absorbency of the bleached fabric. Ab-
sorbency increases with increases in temperature, concen-
tration and time of treatment. 
15. The whiteness of the cotton bleached is not 
proportional to the amount of chlorine consumed or to the 
percentaFe of tensile strength lost. 
16. There is an indication of cellulose degrada-
tion in samples treated_ at 116 de-rees Fahrenheit. At 96 
degrees Fahrenheit cellulose degradation is almost certain 
with concentrations over four rrams per liter of available 
chlorine, and treatments of over forty-five minutes. At 76 
degrees Fahrenheit cellulose degradation may be present 
when the concentration used is above five -rams of chlorine 
available per liter and for periods of over one hour. At 
this point it would be necessary to point out that no chemical 
test for cellulose degradation has been conducted and these 
conclusions are drawn on the basis of trends of loss in tensile 
strength. 
17. An increase of one o'ran of available chlorine 
per liter is equivalent to an increase of fifteen minutes 
of treatment at any temperature of treatment below 120 der ,rees 
Fahrenheit. 
18. The best results obtained in this study were 
at 76 derr,rees D'ahrenheit with a concentration of four -rams 
of chlorine available per liter and for sixty minutes of 
treatment. These results were selected because they Five 
the best all round bleached product. 
175. 
SUGGLSTIC7S or TPU7.T:ER STUDY 
During the performance of this study, several 
interesting and profitable problems for further study have 
been found. It is most unfortunate that the nature of this 
work and the time available have not permitted us to investi-
gate these side problems. However, they are here stated 
and it is hoped that they may be helpful to some newcomer 
into the research field. 
1. It would be interesting to know how the 
chlorine, liberated at different rates under different con-
ditions in bleaching„ is used up. How much chlorine is 
actually used in bleach.in , how much gas will damage the 
fiber, and what amount is actually lost, if any. 
2. Which is the cause of the loss in tensile 
strength of cotton fabrics during chemicking when no cellu-
lose degradation has taken place. Is it correct to call 
such phenomenon a "loss in cellulose"? 
3. Is there any relation between the absorbency 
of the bleached fabric and the amount of cellulose degrada-
tion present? If so, how ? Would it be possible to measure 
the amount of cellulose degraded by measuring the absorbency 
of the fabric? 
4. Which is the exact point at which cellulose 
degradation begins and harmless bleaching ends. A chemical 
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